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ABSTRACT
This project explores the difficulties and challenges that third grade
students face solving mathematical word problems. Three students were asked
to be participants and share their knowledge on this topic as well as their work.
After extensive interviews it was concluded that the challenges of mathematical
word problems include but are not limited to the level of reading comprehension,
conceptual understanding of mathematical concepts, and the belief that math is a
compilation of computations and unexplainable procedures. The participants
provided insight as to what strategies are helpful to students. These strategies
include group discussion on problem solving strategies, self-assessment,
incorporating games into math lessons, and learning that math makes sense.
Graphic representations were found to assist the students in all three cases.
When using graphic representation, each student was able to show better
understanding of the word problem. This project helps to understand what
challenges the students face and how teachers can improve instruction in a way
that benefits each learner.
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Chapter I
INTRODUCTION
A. Statement of the problem
Problem solving is a skill that is required every day in any situation. Many
children are prepared from a young age to handle these situations. Schooling
prepares students to handle problem situations in both real experiences and on
paper. Not only is it something that is taught, but it is also an ongoing struggle in
elementary third-grade mathematics. Given a problem in a real-life situation, a
student should be able to rationalize and find an appropriate solution. If a student
shares something from his/her lunch with multiple friends, that student is able to
determine how to divide it equally. That is called problem solution. Why then is it
so difficult for students to handle mathematical word problems? Students tend to
see mathematical problem solving as purely a mathematical skill. It is frustrating
and confusing for students to be told to read, understand, and carry out a
mathematical solution. In a child‟s mind, and other‟s as well, reading is done in
reading class and math is done in math class. Teaching students to read for
comprehension in math class is more difficult than it seems. Children may
understand how to add, subtract, divide, and multiply, but if they cannot
comprehend what a word problem is asking of them, the ability to compute
numbers becomes worthless. Finding a way to bridge math and reading is a big
challenge for most students and teachers alike. Mathematical word problems are
a challenge for students as well as a requirement, which occurs both in school
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and in every day situations, meeting this challenge will become a life-long skill for
the students.
B. Focus of study
Throughout the study, the difficulties of problem solving will be discussed,
as well as the strategies that are found to be helpful. Three students were
chosen to be a part of the study. They were identified to be students who showed
the most improvement. Also, the work that the students displayed was tagged as
being valuable and worthy of discussing at length and opened for discussion.
C. Research questions
1.

What challenges do third-grade students face in solving
mathematical word problems?

2.

What strategies are found to be helpful to a third-grade student
when solving mathematical word problems?

3.

To what extent does graphic representation provide assistance to
the three case studies presented and why were they successful?

D. Significance
Problem solving is an ever-growing skill that will continue to develop from
toddlerhood well into adulthood. The problem solving in this study is displayed in
the form of mathematical word problems. In mathematics, many difficulties arise
for students in third-grade. Some of the challenges that students face are reading
comprehension, choosing an appropriate mathematical operation, conceptually
understanding the mathematical operation, and using only necessary information
in a problem. Looking at student work will help to identify not only the difficulties
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that other students may have, but also helpful strategies that other students can
benefit from. Strategies that may be useful to students include approaching a
word problem as a story, group discussion on problem solving strategies, handson mathematical manipulatives, schema-based instruction, self-assessment, and
using graphic representation. Graphic representations have proved to be useful
in previous research. Teachers and other professionals can help students use
these strategies and they will benefit from analyzing student work, including the
work presented here.
E. Limitations
1. Low level ability group.
From the beginning of the academic year, the third grade teachers at this
particular school had been preparing for a challenging year in mathematics. It
was confirmed that this particular group of students had been carefully observed
in this area since kindergarten. More often than not, the group was found to be a
good mixture of students‟ abilities; however, occasionally an entire grade level
can be classified as either high or low. Although these limitations were indeed a
factor, the question of why the students fail to see mathematical word problems
in a manner in which they become solvable is still raised.
2. Previous data.
It is helpful to analyze any previous information or data on a participant.
With third grade being the first year students take a standardized Math test there
was no previous test data to compare. The only information that was collected
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from second grade was the end-of-year average. This is helpful; however, with
test scores, more information could have been analyzed.
F. Variables
The variety in strategies that were taught to each class is a variable in this
study because all three participants did not receive identical instruction. The
value of the strategies could alter the success that the students obtained in
solving mathematical word problems. Another variable is the students‟ level of
engagement in small group conversation. If the students exchanged valuable
information with each other, the success rate could have been altered as well. In
addition, the students‟ reading level was a variable as it was found by
Tchoshanov (2006) that reading level drastically affects students‟ problem
solving abilities. The lower the reading level, the most likely the student will have
a poor performance on his/her work.
The student‟s ability to solve word problems also affected their problem
solving ability. If a student was familiar with these particular types of problems
before the study, it is likely that they would answer the problems with more ease
than those participants who had never had experience with them. The second
dependent variable is the students‟ use of relevant graphic representation.
Because graphic representation is believed to help a student answer a word
problem, whether or not they were used will alter the students‟ success.
Finally, every child learns differently and thrives in different classroom
settings. One child may need 100% silence to operate to the best of his/her
abilities. Another child may be able to function just the same in a very chaotic
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setting. It is hard to determine what the most appropriate classroom setting is for
all of the students and something that simple could drastically alter a student‟s
performance. The second variable deals with the time of day the students were
given the tests. For the students in my class, there was a specific time in which
problem solving would take place. The students were aware of what it was, when
it was going to happen, and what was expected of them. In giving the second
class of participants the pre and post-tests, the setting was not quite as
controlled. I administered the tests usually at the end of the day when the
students were restless and looking forward to going home. It was difficult to
encourage the students to concentrate on the math presented to them. In
addition, the class didn‟t respond to me as they might to their own teacher. It was
more difficult for me to manage. The teacher may not have managed her class in
the same manner as I did mine, which may have caused a lack of concentration
on their part.
G. Definition of terms
Abstract- something that is not concrete in appearance; rather it requires
theoretical thought.
Algorithms- a mathematical procedure that, if correctly completed, contains a
logical solution
Conceptual understanding- the understanding that a student has as to why
something is the way it is; logical relationships working internally and being
created in the mind
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Graphic representation- the physical model of someone‟s comprehension of a
problem on paper through the use of symbols
Insufficient information- lacking of important information needed to solve a
problem
Keywords- words in a mathematical word problem that may give a clue as to how
to solve a problem
Mathematical manipulatives- tools used in math to aid in the understanding of a
concept
Prior knowledge- something that was previously learned that may help in
understanding a new concept
Problem solving- the act of solving a problem that is presented
Reading comprehension- the full understanding of what one reads
Reasoning- understanding the logic behind a concept
Relevant graphic representation- representation that is necessary for finding a
solution to a problem
Schema-Based instruction- instructing with a rule or basis for placing something
into a category
Student self-assessment- a student monitoring the progress of his/her own
learning
Sufficient information- enough information for one to solve a problem
Traditional mathematics- a method of mathematics that was set decades ago
with a strict “right-or-wrong” policy
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Visual learners- learners who need something to look at in order to fully grasp a
concept
Visual spatial ability- an ability to learn holistically rather than in a multi-step way
and see more abstract concepts
Word problem- a short story that asks a question at the end usually requiring
some form of a mathematical computation
H. Organization of study
This study was designed to focus on three students and analyze the way
those students solved mathematical word problems. After giving two third-grade
classes a pre-survey, which asked students about the difficulty of problem
solving, the students were given a pre-test. Following this was three months of
intensive practice of problem-solving strategies and techniques. After the three
months, students were given a post-survey and a post-test. After looking at
student work and scores, three students were chosen who showed progress and
strategy on the tests. Those students were given an extensive interview, which
displayed difficulties and helpful strategies.
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Chapter II
LITERATURE REVIEW
This review of the literature relating to mathematical problem solving will
focus on a definition of the phenomena, provide insight as to why certain
students face difficulty with abstract mathematical situations, and then explore
instructional strategies, including the use of graphical representations, which may
help students be more successful in their acquisition and application of
mathematical concepts.
A. Definition of the Problem
The phenomena of students having difficulty with mathematical problem
solving can be attributed to the demands of developmental limitations, the need
to integrate several different cognitive processes, a multi-step process, and the
challenges of bridging word problems with knowledge of real-life situations.
Piaget‟s categories of knowledge provide a means of understanding these
difficulties and offer a framework upon which others have built an understanding
of mathematical reasoning that incorporates varying uses and types of graphical
representations.
1. A framework of knowledge.
Given the difficulties outlined above with mathematical problem solving, it
is helpful to make sense of students‟ lack of comprehension by employing
Piaget‟s conceptual framework of knowledge. Piaget defines three types of
knowledge named physical, social, and logico-mathematical (Piaget, 1952).
Physical knowledge is that which can be seen, touched, smelled, tasted, or
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heard. Students use this knowledge when exploring new concepts with concrete
manipulatives or through observation. Piaget‟s social knowledge is that which is
created. Examples of social knowledge include holidays and language. Finally,
logico-mathematical knowledge is an abstraction, which is created, or interpreted
in the minds of individuals.
Piaget identifies two types of abstraction. These are empirical and
constructive. When students focus on one physical type of knowledge, such as
the size of an object, the other physical properties are abstracted, such as color
or weight, because they are known empirically through our senses. As empirical
abstraction involves the use of physical knowledge, constructive abstraction
involves logico-mathematical knowledge. Mental relationships that are made
between two objects, such as “similar” or “different,” can be abstracted from our
thinking about objects. The abstraction takes place in the mind rather than being
an actual physical property that is abstracted. According to Kamii, Kirkland, and
Lewis (2001), when problem solving, students do this as a way of organizing
information. This abstraction is important because a problem cannot be solved
without both types of abstraction present. Different people can see one thing
from his or her individual point of view. From this constructivist viewpoint,
individual students, through their understanding and reasoning of their
surroundings, create mathematical knowledge. Thus, according to Piaget,
students need to discover math on their own in order to understand the concepts
of addition, subtraction, multiplication and division.
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Kamii et al. (2001) makes the point that physical knowledge could not be
made if the abstractions were presented from the beginning. In other words, “we
could not construct physical knowledge, such as „red,‟ if we did not have the
category of „color” (p. 26). Kamii et al. is using Piaget‟s methodical thinking to
explain a student‟s rationale when working a word problem. The idea being
presented is that a student cannot represent a problem on paper if he or she
cannot make it exist in his or her mind. The representation on paper should be a
representation of what the student is thinking. It should go from the mind to the
paper. Kamii et al. (2001) stated, “Representation is what people do” (p. 32). It is
reiterated that representation is not a picture or symbol acting alone, some
reasoning has to be made out of the information given. If students are trying to
represent an addition problem, the symbol “+” is used as a way to show that two
parts are being combined to make a whole (addition). Otherwise, if there is no
reasoning in the process, the symbol is irrelevant, as are the numbers. According
to the research done by Kamii et al. (2001), if the child has a high level of
abstraction, then he or she will have a better understanding of the representation
and understanding of the mathematical process. Redundant writing of symbols in
math emphasizes a low level of abstraction.
Having made the theoretical distinction between empirical and
constructive abstraction, Piaget (1952) went on to say that in the psychological
reality of the child, one could not take place without the other. For example, we
could not construct the relationship “different” if all the objects in the world were
identical. Similarly, the relationship “two” would be impossible to create if children
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thought that objects behave like drops of water, which can combine to become
one drop.
Kamii et al. (2001) studied abstract representation. Representation occurs
every day in any situation. In third-grade, students can reason on an abstract
level, but it does not come easily. Teachers must emphasize children‟s thinking
before representing children‟s thinking. Representation will follow if the child uses
a high level of abstraction. By using textbooks and worksheets, signs are
encouraged rather than representation. Kamii et al. have found that mathematical
games promote abstraction, which will later develop representation. Worksheets
and textbooks provide strategies involving signs and shortcuts, which will keep
the students from using a higher level of abstraction.
2. A Developmental Process
Piaget‟s three types of knowledge develop the appropriate skills that
students need when problem solving. Research has proved why logicomathematical knowledge is important for children to develop at an early age, as it
becomes more necessary when math concepts become more challenging. Often,
math can seem to be a rote memorization process (Owen & Fuchs, 2002).
Students need to find reasoning amongst mathematical procedures and develop
a true understanding of mathematical concepts.
Fuchs, Fuchs, Prentice, Burch, and Paulsen (2002) conducted a study in
which the definition of the word “transfer” was taught to the students before
problem solving began. Once the students understood that information could
transfer from one skill to another, (i.e. babies learn from a bottle, then a toddler
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cup to a real cup) the concept was related to math. After this is clear to students,
the four types of word problems (addition, subtraction, multiplication, and
division) are taught. Now that students understand how concepts “transfer” it is
easier for students to understand how each word problem relates to one of the
four basic problems that were previously taught. Students are trained to see that
problems may look different, but still represent the same problem type. Transfer
is encouraged outside the math classroom as well. One focus of transfer is to
find how everyday problems have similar solutions that are represented in one of
the four mathematical processes (Fuchs et al., 2002).
B. Representation and Problem Solving
1. Types of representation systems
According to Goldin and Shteingold (2001), in mathematics there are two
systems of graphical representation. The first is the external system. This is what
the students are able to take from the mathematics that are presented to them by
the teacher. The second system is the internal system. This system involves the
way the students internalize the information given to them and the plan that is
made and carried out onto paper. It may be self-created symbols or
representation. For effective teaching and conceptual learning to take place, both
systems are necessary in the mathematics classroom.
While students listen and watch the mathematics instruction, which the
teacher gives (external system), their internal system comprehends it in their
heads. From that point, the student will develop the knowledge for the concept
that is being taught and internalize it in a way that is specific to that child. One
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student might take in something that the teacher says and create reasoning from
it that a different student might lack. Goldin and Shteingold (2001) believe this to
be the reason why both systems are imperative to the learning process. Some
students have problems understanding and reasoning. This is due to internal
underdevelopment.
Goldin and Shteingold (2001) define representation as being “a sign or a
configuration of signs, characters, or objects” (p. 3). It is used when something is
needed to represent an object. To represent other objects, students create
external representations. The representation is so clear that a teacher can point it
out and explain what the student‟s reasoning was.
Often, Goldin and Shteingold (2001) believe, students are able to use
external representation, but not fully understand the concept being taught. For
example, in Algebra, a student may be able to manipulate an equation, but not
be able to explain it to someone with enough reasoning to where it makes sense.
Students may memorize algorithms and rules, but still not have the conceptual
development take place. This is where internal systems start becoming a useful
tool.
The two systems relate easily to two popular psychological theories.
Goldin and Shteingold (2001) argue that constructivists find internal
representations to be the most relevant. Constructivists see the behaviorist
theory as being too objective and that students should have more freedom and
discovery in Math. These beliefs continue as children are encouraged to make
their own discoveries in order to grasp concepts. Children‟s thinking is valued
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more under this theory and open-ended questions are preferred in order to
encourage critical thinking. The center of the classroom is more interactive and
less teacher-driven.
The second theory that Goldin and Shteingold (2001) discuss is the
behaviorist theory. Behaviorists tend to use the external representation as a base
for learning. In this community, the constructivist theory is seen as too subjective,
distracting students from the objective that is being taught. These philosophers
place their focus on tests and having one correct answer, rather than discussion
and open-ended questions. In a behaviorist classroom setting, the teacher would
be instructing and the students would use the teacher‟s method, which may
cause the student to lose the chance for conceptual understanding.
2. Representation: from teacher to student
It is the role of a student to take in (internalize) all the information that is
presented to him/her. Then, the student must learn to represent the information
in a way that makes sense (externalize). The sign or symbol created becomes
the basis for how the student views a particular mathematical concept.
Representation, as defined by Pape and Tchoshanov (2001), refers to the
internal and external structure of all mathematical concepts. Representation is
developed when a student is able to internalize external representations that
have been obtained through a child‟s mind. Research has proven that
mathematics manipulative materials help students grasp a conceptual meaning
for the concept being taught. Pape and Tchoshanov (2001) argue that children
must find a relation between the manipulative materials and the mathematics
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concept itself in order to fully understand what the manipulative materials
represent. Generally, math manipulative materials are used to help students
learn the concrete operation; however, Pape and Tchoshanov believe that
teachers often tend to teach abstract mathematics procedures before allowing
mastery of the concrete operation and, even more, the students making a
connection between the two. In order for students to develop the appropriate
skills for concrete reasoning, some sort of exploration must take place
beforehand, allowing students to bridge the concrete with the abstract.
According to Pape and Tchoshanov (2001) one integral component to
conceptualizing mathematics is the social interaction that takes place between
teacher and student, as well as student and student. Through dialogue,
knowledge is shared, and one can learn from what is said in a conversation
without either person being aware of it. It is acknowledged that oftentimes
teachers ask for representation as an end result rather than as a process in
which the student reaches the end result. When students are told that
representation must be on the final product, the representation becomes
irrelevant and/or unnecessary to the student‟s work. The representation should
be used as a tool, which encourages the student to reason and conceptualize the
concept being practiced.
Mathematics should be taught in a variety of contexts. When Pape and
Tchoshanov tested three groups of students, it was found that the group, which
received multiple instructional techniques performed higher than the other two
groups who were taught using only one strategy. This most likely was due to the
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fact that the students who understood more than one technique were able to
decipher which strategy was most appropriate for the mathematics problem. It
became easier for the student to be more flexible in his/her approach to finding a
solution. This also encouraged more interaction in the classroom, which also
proved to be a helpful tool in mathematics problem solving.
Lesser and Tchoshanov (2005) stated that if just one method of
representation is modeled during instruction, conceptual understanding will
suffer. Students should have a variety of methods represented have flexibility to
choose what is most appropriate for the problem at hand.
3. Schema-based instruction
Research has proven that when classifying word problems into one of the
four mathematical operations, students will more likely find success. “Schemabased instruction” is recognized by Jitendra, Sczesniak, Griffin, and DeatlineBuchman (2007) as an advantage for students when problem solving as well as
for student learning.
Fuchs, L.S., Fuchs, D., Prentice, K., Burch, M., Hamlett, C.L., & Owen, R.
(2003) define schema-based instruction as that which focuses on the structure
and representation of a word problem. Students trained themselves to classify
each word problem into a category, which allowed them to recognize patterns
amongst different problems. This form of self-regulation forces students to be
held responsible for finding the solution to story problems. By building the
background of word problems, finding the solution was not as difficult. Overall,
Jitendra et al. (2007) was able to “learn about effective ways to enhance the
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problem-solving curriculum as well as facilitate teacher implementation and
student learning” (p. 294). Due to the results of the study, teachers were able to
make appropriate changes to lessons involving schema-based instruction,
proving that representation of a problem can either hinder or help a student.
Jitendra et al. suggests that pushing students toward independence in problem
solving is a necessary component to finding success. Jitendra et al. (2007)
acknowledge the difficulty in teaching all students; however, another benefit of
this type of instruction and self-regulation is that it can work for a wide range of
students from high to low. Whatever the ability level, students all benefit from the
visuals used in the schema-based instruction. With students self-assessing and
choosing the appropriate diagram to match with each problem, it becomes more
fluent and more reasoning is made. Jitendra et al. believe schema-based
instruction requires self-regulation, which in turn improves students‟ problem
solving abilities.
Problem schemata identification must occur first in order to stimulate
conceptual understanding. This involves recognizing the problem‟s pattern. Once
a schema is deciphered, a plan to solve the problem is created and hopefully
followed through correctly (Jitendra, 2002).
Owen and Fuchs (2002) found that strategy instruction encourages
students to analyze their thinking and develop a skill that will be useful in postschool life. The study done was geared toward students with a learning disability;
however, a point was made that it is just as effective for all students. Not only is
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problem solving a life-long skill, it is necessary to improving learning while still in
school.
Jitendra, Griffin, Deatline-Buchman, Dipipi-Hoy, Sczesniak, Sokol, and Xin
(2005) find that strategy instruction is “integral to the concept of what constitutes
learning in general education classrooms (p. 320). Jitendra et al. find that a
traditional approach to mathematics education is not as intense or demanding as
a problem-solving approach. Standards are created to encourage higher order
thinking and conceptual understanding. National Council of Teachers of
Mathematics (NCTM) acknowledges that reasoning is necessary in math rather
than rote memorization. When Jitendra et al. conducted their study, which tested
several basal textbooks to compare them with the NCTM standards; it was found
that problem-solving opportunities were present more than any other standard
from NCTM. In most textbooks, reasoning was only present half the time
amongst all problem-solving activities. Also, Jitendra et al. found that students
were less likely to have to create representation on his/her own. Because of their
findings, Jitendra et al. suggest that teachers modify lessons from textbooks and
gear them more closely toward the NCTM standards. Sense making and
reasoning is necessary for problem solving. Textbooks alone, while good for
certain tasks, are not enough for students to be successful in all the NCTM
standards.
4. Graphic representations
Researchers agree that if students develop the skills to classify
mathematical word problems into the proper schemata, assess whether or not
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the proper steps are being carried out, relate the stories in the problem to real-life
experiences and use games as a discovery approach to learning mathematical
operations, they will find that using graphic representations will come easier and
lead to better problem-solving success. The development of relevant graphic
representation use will become one of the most useful tools in third-grade
problem solving.
Graphic representations are a good approach to help students
comprehend when reading a word problem. Jitendra (2002) has done several
studies that have proven the positive effects of using graphic representations to
solve word problems. In fact, Jitendra has found this strategy to work the best
with students with disabilities. The representations helped students to be
successful as well as enjoy problem solving. Corter and Zahner (2007) found that
graphic representations were useful to the students because, overall, they were
used when the students were told to “show their work”. If the students did it on
their own, then the representations proved to be necessary to solving the
problems. One drawback was that the students were forced to choose the most
appropriate representation, which is difficult for students to do. In fact, Corter and
Zahner emphasize how difficult it can be to study and measure problem solving;
however, the two scholars also emphasize its importance as well.
If students draw what they read, they will understand the problem and
carry out the correct mathematical procedure. This is one of the best ways for
students to express his/her thinking. Whether these representations are pictures
or diagrams, students can organize their thoughts much easier than with words
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or numbers. Because elementary students are very visual learners, making
graphic representations will lead to more success in mathematical problem
solving.
Kamii, Kirkland, and Lewis (2001) remind us of Piaget‟s belief on the three
kinds of knowledge. It was found that abstraction is a big process in the students‟
problem-solving process. Scholars suggest that abstraction ability is developed
from good use of higher-order thinking, reasoning and good visual-spatial ability.
In addition, Edens and Potter believe there are two basic ways to help students
develop the necessary skills for successful problem solving. There is a choice,
according to the scholars, of displaying examples of diagrams or allowing
students to create his/her own diagrams. Students who used the diagrams in
several research studies were found to have more success than those who did
not (Edens and Potter, 2008). Giving students the diagrams rather than having
them invent the diagrams led to more success. The reason for this, as Edens and
Potter found, is because when students are given the freedom to invent
representation, it becomes irrelevant or not meaningful to the problem solution.
If the student is able to create a visual representation that shows both
concrete and spatial understanding, then he or she will have a better basis for
solving the word problem correctly. Jitendra (2002) defines problem
representation as students changing words into a “meaningful graphic
representation” (p. 34). According to Yeo (2005), students who are still in the
concrete-operational stage need visuals in order to help solve word problems.
Different options should be available to students when solving word problems.
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Van Garderen (2006) found that spatial visualization is an imperative part of the
problem-solving process. Those students who performed well on the spatial
visualization portion of the study also performed well on problem-solving
measures as well. Edens and Potter (2008) state that in order to create a mental
image, students need to have spatial visualization, or “the ability to picture the
way an object will look after it has been moved to another position” (p. 185).
Problem solving requires an accurate transfer from words to representation.
Edens and Potter believe it to be one of the most important parts of the problem
solving cycle; however, there is little instruction on how to take a word problem
and create a visual representation that is meaningful to the problem solution.
To successfully answer a word problem, students need to have good
visualization strategies. According to Edens and Potter (2008), graphic
representations can range from numerals to those of patterns and algorithms. A
good graphic representation can help the student to be more thorough and
understand the problem and its concept easier.
In the above reference, Edens and Potter (2008) distinguish the difference
between schematic and pictorial graphic representation. Because schematic
representations focus on the spatial visualization and conceptual understanding
of the problem, a student will seldom reach the correct answer using pictorial
representations alone, though more often than not there is evidence of schematic
representation to accompany the pictorial.
In fact it was found in a study done by Hegarty and Koshevinikov (1999)
that success on word problems is positively correlated with schematic
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representations. There was no correlation between pictorial representations
alone and problem solving. In addition, there was a significant difference in levels
of schematic representation as well; the levels scored being high, medium, and
low. Those students who used both schematic and pictorial representations were
found to have significantly answered correctly, or, if incorrect, the reason being a
computational error only. When students create their own representation, the
problem will mean more to them than just reading it blindly. In addition, creating
representation allows students to stop and think about what the problem is
asking, which, with conceptual understanding of mathematic operations, will lead
to success in solving the problem (Edens and Potter, 2008). In Van Garderen‟s
study, it was found that there was more use of pictorial representation than
schematic. Also, the use of schematic representation was positively correlated
with spatial visualization ability. At the same time, pictorial representation was
negatively related to spatial visualization ability. Those students that had low
spatial-visualization ability tended to use pictorial representations and those with
a high spatial-visualization ability used schematic representation. These
students‟ representation were more detailed and advanced than others.
5. Schematic vs. Pictorial Framework
Scholars have suggested that students who have a more developed
logico-mathematical knowledge will be more inclined to develop more relevant
representations of mathematic problems. Edens and Potter (2008) claim that
graphic representations can be either schematic or pictorial. A schematic
representation is one that involves only the necessary information to solve the
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problem. All the information is pertinent to the problem solution. The details of the
diagram are all valuable to the problem in some way. It is a focused picture that
does not get the student off track and is simply created for problem solution. A
schematic representation, as per Blatto-Valee, Kelly, Gaustad, Porter, and Fonzi
(2007), is one in which objects drawn are representative of a solution to the
problem.
Edens and Potter (2008) define a pictorial representation as one that
contains “expressive and extraneous elements not necessary for problem
solution” (p. 186). This would most likely be created by the student who spends
significantly more time on the problem than the other students do. Also, this
student somehow never manages to reach the “math” part of the problem.
Pictorial representations seem to get students off track. The student who creates
a pictorial representation focuses not on the pertinent information to solving the
problem, but rather on the details that surround that information. According to
Blatto-Valee et al. (2007), a pictorial representation is one that clearly represents
images given in the word problem but have no relation to pieces of information
necessary to solving the problem.
Edens and Potter (2008) conducted a study in which the degree of visual
representation used was measured. Each student was measured not only on
whether visual representations were used, but whether the representations were
schematic or pictorial. Even further, the representations were measured to be
either meaningful or irrelevant to the problem solution. First, Edens and Potter
found that conducting the study in an art classroom encouraged students to use
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more pictorial representations and have “more art-like behaviors” (p. 195). This is
believed to be one variable in the study that may have hindered the students‟ use
of schematic representation rather than pictorial. More important results were
that there was a significant relationship between schematic representation use
and problem-solving success; however, there was no correlation between
success and the use of pictorial representation. Those students that used
schematic representations either answered correctly or made a computational
error. This was the same for those who used schematic and even incorporated a
little bit of pictorial representation into his/her model. Students who used
schematic representations were found to have better spatial ability than those
who used pictorial representations. Overall, Edens and Potter discovered that
schematic representations proved to be more successful than pictorial
representations.
Blatto-Vallee et al. (2007) conducted a study in which schematic
representations were compared to pictorial representations and how each
correlated with problem-solving success. The study was done to assess the
effects on deaf children, yet the results closely compared to previous research
done. That research has proven that it is important for students to have a good
grasp on spatial-visualization because it is integral to the problem-solving
process. In order to perform at a successful spatial-visualization level, students
must use schematic representation rather than pictorial.
Several scholars have brought constructivism into operation by introducing
the concept of visual spatial mechanisms. Visual/Spatial ability is important in
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problem solving. Van Garderen (2006) found that students with low visual/spatial
ability used pictorial representations, and those with high ability used schematic
representations. Because pictorial representations involve unnecessary details to
solve the problem, it makes sense that students without visual/spatial ability used
them. In addition, it makes sense that students with good visual/spatial ability
used schematic representations.
Edens and Potter (2008) studied how students “unpack” a word problem.
Research was done to show that most students had more problems constructing
a graphic representation for a word problem than actually carrying out the proper
steps to solving the word problem.
Van Garderen (2006) found that spatial visualization positively affects
students‟ problem-solving ability. In fact, when Van Garderen did a study, it was
found that students used some type of visual images on more than half of the
problems given. Schematic imagery was positively correlated with spatial
visualization; at the same time, spatial visualization was positively correlated with
problem-solving performance. In other words, those who performed well on the
problem-solving portion did as well on the spatial-visualization portion of the
assessment.
C. Reading Comprehension and Graphic Representation
It has been found that one main reason for students having a hard time
with mathematical word problems is that the student does not comprehend what
he or she is reading. The problem does not necessarily lie with the student‟s
inability to read on grade level; rather, it is believed to be a problem with being in
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a mathematics frame of mind. Tchoshanov (2006) conducted a study in which
one problem was given to two different groups of students. The first group
received the problem in a mathematics setting by a mathematics teacher. The
problem was set up just as a math problem would be, this was referred to as the
short version. The second group received the problem from a reading teacher in
a reading setting. The problem was referred to as the extended version due to
the fact that it was presented in a story with comprehension questions following.
Although the same information was given and the question had the same
answer, students who received the extended version were found to have the
most impressive performance when compared to those who received the
mathematics version. Although both groups had the direction “Read everything
carefully,” it was found to be a distraction for the students who were given the
short version and preferred to simply perform mathematic operations, all the
while lacking comprehension. Both versions had no reasonable answer to the
problem being tested. The group with the extended version didn‟t try to use
mathematic operations to solve the problem; however, they realized that there
was no solution to be reached. Tchoshanov also found students in the extended
version group to be more inquisitive, as well as more engaged in their work.
Students who are presented with a mathematic word problem suddenly
become the victims of a strenuous, multi-step process. According to Fuchs, L.S.,
Seethaler, P.M., Powell, S.R., Fuchs, D., Hamlett, C.L., & Fletcher, J.M. (2008),
problem solving is a multi-step process which can lead to confusion for an
elementary student. They claim that:
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A word problem requires students to construct a problem model by identifying
the number sentence that incorporates the given and the missing information,
and deriving the calculation problem for finding the missing information. (p.
156)
Multi-step processes are developmental and must be learned by practice.
1. Making sense of math
Reasoning is lost when math is rushed through. Brousseau and Gibel
(2005) stated that math shouldn‟t be a “simple recitation of a memorized proof.”
These proofs are just “model reasoning,” which is acceptable if it later leads to
true reasoning; however, more often than not, it teaches students that math is
simply “recipes and algorithms” with no flexibility (p. 14). This style of learning
reduces live mathematical thinking and problem solving. According to Brousseau
and Gibel, a math classroom should include the following:
•

share with their peers the real reasons that have led each of them
to construct reasoning from the models

•

grasp the reasons why the steps are necessary

•

share reasoning of the solution

Crespo (2003) emphasizes the importance of posing high-cognitive
mathematical questions to students. It was found by Crespo that math should be
used not as a means to make mathematics easier or to have shortcuts, but rather
as a tool to make students think about math and make sense of it. Another tool
that Crespo found involved student errors. When studied, it was discovered that
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errors can be used as a learning device to find out where students‟ work became
incorrect.
Van de Walle (2004) encourages educators that keywords are an
ineffective method for teaching problem solving. When keywords are taught as a
tool, any reasoning that may have been concluded from the problem is lost. In
order to make the necessary connections, it is important that students‟ prior
knowledge is facilitated (Jitendra, Sczesniak, Griffin, and Deatline-Buchman
2007).
Math is not a subject to swiftly go through without looking back. Math
takes time and patience. It is a discovery subject. Due to time constraints of the
school year, math is taught as a question/answer subject. It should be everything
but this. One main problem, according to Fiori (2007) is that “Teachers give
problems; students give answers” (p. 696). This view is how students look at
math, when in fact it should be viewed as an open-ended, discovery process.
Also, telling students that they are incorrect when they have reached an answer
is another mistake. A good way for students to take ownership of their work is to
allow any question that a student has and, in addition, allow any solution that a
student has. No student‟s question or solution to a problem should ever be
underestimated. Students reach answers by different methods and whether they
are wrong or right, they are definitely leading to something accurate. Students
sometimes see things from a different perspective than teachers do and it is
important not to dismiss what students are saying. Graphic representations help
teachers to see their “thinking” on paper. There is no better way to help a student
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than to see exactly where he/she went wrong. Fiori asked, “Might a student have
a richer mathematical experience if he is allowed to fumble around with a
misconception for a few days than if he is steered promptly to the „truth‟?” (p.
696). There is no better way to learn than by making mistakes, especially in
math. When students lose the ability to discover, a disservice is being done to
them. Without the concrete part of math, all sense making will be halted and
eventually lost. Spatial reasoning is a big part of sense making. If students can
reason, they are more apt to finding success.
Myers (2007) stated the following:
Mathematics is more than just the steps needed to solve a problem, more
than just a set of isolated rules and procedures. After all, if mathematics were
just a set of rules and regulations, would we mathematicians waste our time
exploring it? (p. 694).
Math is not a one-step process. Many steps are involved in successful
understanding of all aspects of math. Graphic representations aid students in the
success of problem solving. They help students organize their thinking and allow
teachers to comprehend how and where the students were mistaken. In addition,
teachers can gain ideas from students to help other struggling students. From a
young age, students find ways to problem solve. Children should be asked how
they will go about solving a problem and later how they solved it. Sarama and
Clements (2007) said, “Young children have the ability to become powerful
problem solvers” (p. 18). All children need is motivation and the ability to answer
a problem in the manner they think is best. Problem solving is something that will
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not go away. After students are finished with school, problems will continue to
arise in everyday life. Students need to develop good problem-solving skills
according to how they learn.
Because of the difficulties that problem solving presents, teachers need to
offer several strategies for students to choose from. Myers (2007) stated, “Since
students grasp concepts in different ways and at different rates, helping
individual students requires that teachers know several different paths to the
same end” (p. 692). Different learning styles require different teaching styles.
Especially in math, students need visual models. Teachers can make models for
students; however, if the students make the models, better comprehension will
take place. Yeo (2005) offer five strategies for one word problem. Yeo stated:
It is essential to expose students to various strategies so as to enable them to
deal with abstract mathematical concepts and to observe a wide range of
possibilities and alternatives in solving mathematical problems (p. 30).
Two of the strategies that were offered are geared toward students in the
concrete-operational stage. They are bar diagrams and graphic representations.
Bar diagrams help students visualize the abstract concepts that are not given in
the problem. Graphic representations allow students to use relevant information
and reach new information that was not given. Yeo encourages multiple
strategies because teachers should “choose the most suitable strategy to
address individual differences in students” (p. 31). Jitendra (2002) stated, “Using
graphic representations, students can develop their problem-solving skills, but
also integrate addition and subtraction concepts” (p. 34).
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Hohn and Frey (2002) believe a heuristic approach is necessary for
students to be successful in problem solving. The training that was given to the
students was called SOLVED. The steps are: State the problem; Options to use;
Links to the past; Visual aid; Execute your answer and, Do check back. This
acronym was created to help students organize the information given in a word
problem and successfully carry out a problem-solving plan. Hohn and Frey had
two groups -- the treatment group who used the SOLVED steps and the control
group who followed standard guidelines for problem solving. The results showed
a “greater improvement” from the treatment group than the control group. It was
concluded that students did benefit from SOLVED.
Fuchs et al. (2002) believe that “explanations rely heavily on posters, for
frequent student reference, and are laced with opportunities for choral
responding to promote engagement” (p. 70). It is not enough to tell the student
something; rather, a visual representation is beneficial to the student and will
promote retention of the information. Often, math is focused on computations and
algorithms, rather than the need to make sense of the math being performed.
Math is too complex to lack sense; rather, it requires students to have a deep
level of knowledge and cognitive processes, as Edens and Potter (2008) believe.
Several researchers have found that textbooks tend to give students the
impression that mathematics is an over-simplified exercise in which a series of
problems are gamed using a pallet of algorithmic techniques. The result of this
belief gives the impression that mathematics problem solving, as provided in
textbooks, is disconnected from real life situations. In an attempt to make
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mathematics more meaningful, word problems are constructed to contextualize
mathematics problem solving. Van de Walle (2004) argues that word problems
help students make connections with meanings, interpretations, and relationships
to mathematical situations. Others have argued, however, that the attempt to
make mathematical problem solving more meaningful has fallen short. Jitendra et
al., make the point that a traditional problem-solving lesson from a textbook will
require that one single operation (i.e. addition) be used on all problems on the
page. This keeps students from being exposed to problems where different
strategies are required to find the solution.
According to national standards, students need to view mathematics as an
everyday process. Rather than presenting math at a specific time during the
school day, it should be acknowledged as something that is present in everyday
life.
National Council of Teachers of Mathematics, acknowledge that real-life
situations allow students to make more sense out of the concept being taught
(Borden and Geskus, 2001). In this study, a story was read to a third-grade class
involving a situation in which the characters were challenged with a
measurement problem when baking strawberry shortcake. After the story, the
students were instructed to find the flaws in the characters‟ measurement of
ingredients. First, the students identified the problems in the characters‟
procedures. The responses were very obvious problems, but as the students
discussed the problems with each other, more detailed and accurate
explanations for the problems were revealed. When the students were able to
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find and analyze the measurement errors, the details of the measurements that
the students found were precise and close to the actual amounts needed. Later,
reports found that each group had “at least one child who had a good
understanding of fractional parts and the relationship of the parts to the whole”
(p. 541). The students used any technique they could find in order to solve the
problem. The problem became interesting to the students; therefore, they wanted
to continue the learning process. This forced the students to make sense out of
the math rather than perform routine math procedures. Students need to take
ownership of math in order to fully understand the concept or concepts that it
involves. When students do this, they will realize that it is not as frightening as it
appears to be.
D. Problem-Solving Classroom Intervention Strategies
Several instructional strategies have been proposed which draw from the
theoretical work cited above. These include the use of student self-assessment
and using games as tool. As students begin to develop appropriate problemsolving skills that will lead toward success, mathematical reasoning will be made;
in addition, higher-level mathematical thinking will be encouraged.
Problem solving, as per Van de Walle (2006), should be integrated into a
daily routine, rather than something that is taught to find an answer to a test
question. It should not be seen as a requirement to the math curriculum, but
rather as a means for actually solving problems. One reason why math appears
to be difficult for students is because it is often taught in only one way. Students
need a variety of options when learning how to do math, because not all students
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learn the same way (Yeo, 2005). According to Jitendra (2002) third-grade
students typically take the information given in a word problem and add the
numbers, rather than try to understand the actual problem to be solved. This type
of problem-solving strategy encourages mostly “unsuccessful problem-solvers”
(p. 34). The traditional way of teaching math is an approach that many students
do not understand. There is a small portion of students who will understand it and
those that do, love it. Van de Walle (2006) says that problem solving and the “doas-I-show-you” technique does not prove to develop positive results unless the
results belong to a student who is proficient in math. Students fall into a trend
where they are performing the mathematics tasks to reach an answer and not
growing as a learner. If teachers could teach students with a variety of
approaches of solving a math problem, more students would understand it and
love it. Two pre-service teachers were used in a study done by Crespo (2003).
One had a negative attitude toward math and did not feel competent in the
subject. The other was highly competent towards math; however, both found it
difficult to use mathematics questions with highly cognitive demand. Problem
solving requires students to use the type of knowledge that will require students
to make sense of math. Sarama and Cements (2007) believe the same – that if
children are encouraged by adults to solve problems at a young age, they will
become great problem solvers. The way to develop these skills in children is by
modeling. Also, exposing children to math problems, manipulatives, questioning
their method of solution and offering help when needed are all methods,
according to Sarama, of developing good problem solvers.
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Leinwand and Ginsburg (2007) state Singapore‟s success in the math
program known as Singapore Math. According to the Trends in International
Mathematics and Science Studies (TIMSS), Singapore has always been ranked
at the top of the list of countries proficient in mathematics. At the center of this
country‟s math program is problem solving. The program consists of less material
in a year‟s span; however it requires more higher-level thinking. It provides
representations relevant to solving the problem rather than only pictures that
relate to the words in the problem. Also, the text may give information about the
problem or even encourage the student to ask questions about the problem. The
representations provided help students build their conceptual understanding of
math compared to programs that encourage memorization of math operations.
This gives students a wider range of mathematics knowledge as well as more
conceptual understanding.
1. Schema based instruction and student self-assessment
Van de Walle (2006) refers to Cognitively Guided Instruction (1999) when
he identifies four schemata in which mathematical word problems fall. These are
join problems, separate problems, part-part-whole problems and compare
problems. The join problems have three quantities involved that must be joined
together to find the problem solution. These are the initial amount, a change
amount, and the part being added or joined. The result of joining the amounts is
the whole. The problems classified as separate begin with a whole and separates
one part to find the remaining part. In a part-part-whole problem, there are two
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parts that are grouped together to make a whole. Compare problems involve
comparing two quantities in order to find a difference.
With schema-based instruction in place, students are able to take
ownership of his/her learning in a way that encourages student self-assessment.
Students need motivation to learn to love something. Brookhart, Andolina, Zuza,
and Furman (2004) found that student self-assessment encourages ownership of
learning. A student should reflect on the progress that he/she is making in order
to reach success. Fuchs et al. (2003) believes that self-monitoring leaves a
positive effect on students‟ learning in mathematical problem solving. Lan (1996)
defines self-monitoring as deliberately placing emphasis on one specific part of a
behavior. In addition, Lan believes it is an integral part of the learning process.
Owen and Fuchs (2002) agree that training students to see strategies in
different word problems is the most beneficial approach to developing better
problem solvers. Jitendra (2002) finds problem schemata to be one of the most
important elements to problem solving. In fact, Jitendra suggests that students
classify problems into groups in order to recognize patterns and find relationships
amongst problems.
Self-monitoring involves two basic components. In the first, the student
reflects on his/her progress toward a goal. The second involves the student
predicting the amount of time that will be spent to reach that goal. Lan also stated
that this should encourage the student to determine what strategy is most
appropriate. When Lan (1996) did a study where self-monitoring was the
manipulated variable, he found that “students in the self-monitoring condition
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performed better than students in non-self-monitoring groups on each course
examination” (p. 5). When students were told to monitor their own progression of
memorizing times tables, Brookhart et al. (2004) discovered that a deeper lesson
was taught while students were self-monitoring. The theorists defined two
categories of self-monitoring. These categories are motivational and cognitive. It
was found that self-assessment would encourage students to take ownership of
their own learning. Brookhart et al. also stated that taking ownership of learning
would give students self-worth, which in turn lead to more desire to continue the
learning process. In addition, they believed in self-assessment so much that a
study was conducted to prove that it stimulated the learning being done. The
study was called Minute Math. Students were given five minutes to answer as
many multiplication facts as possible. In order to self-monitor, the students would
fill out a survey before each assessment. Also, a student would look at his/her
data and predict how many facts would be answered the following week. In
addition, students would create a visual representation, as they would graph the
results and predictions. To measure motivation, students were classified into
different categories dependent upon their expressed goals being Master,
Performance or both. As far as understanding, the students were classified by
use of strategy. Basically, three levels were described: whether their reflections
indicated a clear pattern of study strategy use and problem-solving strategy use
or whether strategy use was inconsistent. The mean of the five tests that were
given was taken from each student. Furthermore, descriptive statistics were used
to analyze the prediction accuracy. It was found that over the ten-week course,
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students became more accurate of their predictions. In both classrooms in which
the study was performed, it was apparent that self-assessment increased the
students‟ meta-cognition in lessons that involved rote memorization such as
memorizing multiplication facts. Also, it was observed that students liked seeing
their progress on their graphs. Overall, a self-assessment involves the ownership
of one‟s learning. Students are more motivated to be successful and, therefore,
learn long-term (Brookhart et al.). Fuchs, Fuchs, Prentice, Burch, and Paulsen
(2002) use self-regulated learning practices as well. “Goal setting helps motivate
children to focus their effort and work hard” (p. 72). When students set their own
goals, they are better able to use the skills and strategies to reach their goal.
To build the appropriate skills for self-assessment, it is important to
encourage questioning. Children need to be skeptical of math and know when
and what kind of questions to ask. Myers (2007) suggests that teachers are the
ones who can help children develop these skills simply by allowing them to
explore mathematics on their own. “Teachers can nurture or negate the innate
curiosity young children bring with them into the elementary school classroom”
(p. 692). In fact, children, according to Myers, are more inclined to ask good
questions than adults. Through exploration, students will begin to understand the
concepts of math, and from there the procedures of math strategies will make
sense. The confidence that students will get from their success will be a
motivator for them to persevere. If one approach does not work, students will not
be afraid to attempt newer, more difficult problems. Myers emphasizes that
although math is made up of rules and procedures, and although there is a right
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or wrong answer, math does make sense. There are reasons for why certain
steps have to be followed and, by teaching tricks and shortcuts, we are giving our
students the contradictory message.
Fuchs, Fuchs, Prentice, Burch, and Paulsen (2002) found that it takes
three steps for students to be successful in problem solving. Without the three
things necessary, students will become overwhelmed, frustrated, or even not be
concerned with whether or not the problem makes sense. First the students must
master the expectations of problem solving that are set by the state or district.
Word problems can be placed into so many different categories so it becomes
difficult for students to decide which strategy is most appropriate. Because of
this, students need to be able to categorize word problems together that require
the same solution. In other words, word problems should begin to look familiar
and be classified as addition, subtraction, multiplication, or division. Finally,
students need to connect new problems to ones that they had previously solved.
Fuchs et al. describe this process, as “transfer” (p. 70). Each type of problem
should be introduced to the students in a way that they will succeed in solving a
problem in the same category in the future. Gradually, students work on more
parts of each problem independently and become less dependent on the teacher
modeling each step. Soon, the students will begin working in pairs with the
stronger students helping the weaker students. Finally, each student completes
one word problem independently. These steps take place over one lesson.
Jitendra, Sczesniak, Griffin, and Deatline-Buchman (2007) reached similar
conclusions. Four types of problems were identified into categories. They are
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change, combine, compare, and equalize. Jitendra et al. found that recognizing
this relationship allows students to group word problems into categories and use
prior knowledge to successfully answer them.
2. Games as a problem-solving strategy
It was noted by Kamii et al. (2001) that one teacher had her students play
math games alone all year, giving out only four worksheets. It was found that
students who could not complete the worksheets could not play the games, nor
could they show accurate or relevant representations. The reason is because
students who understood the concept of the operation could easily compute the
numbers in his/her head, while those who did not understand the concept were
unable to complete any computations because they did not know the procedural
steps in which to do so. Because children like to play games, they will relate
math to something fun and, in turn, think of math as being fun, and, more
importantly, make sense. At the same time, teachers have to facilitate this type of
thinking. If the option of using counters over paper and pencil is given but not
encouraged, it will not likely happen. Ralston and Willoughby (1997) state that
children will learn much more by playing math games than “drill and kill”
worksheets, because the games will be played for a long amount of time after
they are introduced. Games are teaching important skills as they are being
played and students are solving real problems. Students are actually thinking
instead of memorizing. Although finding strategies is occurring, it is not what the
children are focusing on when they are playing. Instead, children are focusing on
winning; but, all the while, students are actually developing very deep and
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necessary skills. Reasoning is used and teachers are not giving any valuable
information away that students must discover on their own. Another benefit of the
games is that students put forth more effort into the math than they would
through a traditional method of mathematics instruction.
E. Synthesis of Literature Review
Piaget defines three types of knowledge in order to explain students‟
developmental process. Empirical abstraction is taken from physical knowledge,
while constructive abstraction is related to logico-mathematical knowledge. Math,
according to Piaget, should be learned through hands-on activities and a
discovery process. When students lack the proper development of these three
types of knowledge, it becomes difficult for students to understand abstract
concepts. Representation of a problem is developed through logico-mathematical
knowledge. Visual-spatial development allows students to represent a problem
on paper. Development is a very important factor because students must find
reasoning in the mathematical procedures they perform and truly develop an
understanding of mathematical concepts. Part of reasoning is the ability to
“transfer,” which is how students categorize problems by common traits.
Students should group a word problem into one of the four mathematical
operations.
Research has found that there are two types of representation systems.
The first stems from the information presented to the student called the external
system. The internal system is personal to the student because it is an
interpretation of the information presented. Both systems are imperative for
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conceptual learning to take place. Internal underdevelopment can hinder
students from connecting the proper mathematical operation to a word problem.
Constructivists believe that students should discover math on their own.
Behaviorists have a “right or wrong” policy. Constructivists view the behaviorist
theory as being too objective while the behaviorists see the constructivist theory
as being too subjective.
There are several strategies that may help students with the internalizing
process. Mathematical manipulative materials have been proven to help students
grasp a conceptual meaning. Researchers have proven that in order for concrete
reasoning to take place. It is after this happens that students can bridge the
concrete with the abstract. Other strategies include peer-to-peer discussions.
Conversing with peers often encourages learning. In addition to discovery in
mathematics, students need to be offered multiple strategies to choose the most
appropriate for his/her learning style. Conceptual understanding will suffer if only
one method of representation is modeled during instruction.
Self-regulation improves students‟ problem-solving abilities. Schemabased instruction encourages students to self-regulate. It is when self-regulation
occurs that students become motivated.
Students who have developed the appropriate level of knowledge, who
use both representation systems, and are encouraged with self-regulation will be
able to successfully use graphic representations. The development of relevant
graphic representation use will become one of the most useful tools in thirdgrade problem solving. If students can represent what they read, they will
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understand the problem and carry out the correct mathematical procedure.
Because elementary students are such visual learners, the use of graphic
representation will lead to more success in mathematical problem solving.
Several studies were conducted in which the students who use graphic
representations were compared to the students who did not use graphic
representations. In every study that was reviewed, graphic representations
proved to be a most useful tool in problem solving. Graphic representations were
found to help the student to be more thorough and understand the problem and
its concept easier. Although it is good to model different representations, a
student‟s creation of representation is found to be more meaningful to that
individual.
Representations can be either schematic or pictorial. Schematic
representation has been found to be more useful to students while problem
solving because these representations contain only the necessary information to
solving the word problem.
Reading comprehension is a factor in students‟ problem solving abilities
because word problems rely heavily on the students‟ understanding of the
problem. Also, problem solving is determined to be a multi-step process that is
developmental and can only be learned through practice. Often in Math, teachers
encourage short-cuts as a tool; however, this cuts out any sense-making
capabilities. Keywords are also taught as a tool, which in fact discourage
reasoning or any connection with the word problem. When real-life experiences
are integrated into a math lesson, students take ownership of it. If students find
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Math relates to everyday life, students will become more interested in
understanding it. Textbooks tend to give students enough practice on one topic
at a time; however, the do not give students the opportunity to comprehend and
carry out the proper mathematical procedure.
Students may be motivated by self-regulation and learning through
games. Games teach important skills as they are being played and students are
solving real problems. Again, students put forth more effort into math when
playing games than they would with traditional mathematic instruction.
There are many reasons for students‟ inabilities to perform well on
mathematics word problems. At the same time, there are many strategies offered
to help students. It is necessary to expose students to these strategies in order
for them to become life-long problem solvers in and beyond the mathematics
classroom.
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Chapter III
METHODOLOGY
A. Introduction
Problem solving becomes crucial in third grade. Students are faced with
new standardized test requirements with little or no prior test-taking experience.
Different teachers find different techniques to be helpful, and students have to
figure out which is best for him/her. Because every student learns differently, it is
important to provide students with multiple strategies to choose from. This study
will look at three different students and what strategies helped them the most.
Overall, the same conclusions can be made as to where teachers should place
focus when applying problem-solving strategies to daily routines in the
classroom.
1. Pilot study
In the same school year, a pilot study was conducted. This study was
intended to prove that the use of graphic representations would aid the students
in solving mathematical word problems. There was a sample of 39 students
(n=39). This sample is the same as the sample in which the three case studies
were drawn. The first classroom was the treatment group. After the pre-survey
and pre-test were given a three month intervention began. The students learned
different techniques when solving mathematical word problems. Each technique
was specific to the use of graphic representations. After the intervention the
students were given the post-survey and post-test. The second classroom was
classified as the comparison group. This class received the same pre-survey and

45

pre-test; however, there was no specific intervention that focused on the use of
graphic representations. It was simply under the direction of the teacher. This
class received the post-survey and post-test as well. A sample t-test comparing
growth from the pre-test to the post-test was conducted. In addition, the same
test was done comparing the correctness on the post-test between the treatment
group and the comparison group was taken. It was found that only 28% of
students in either group showed improvement from the pre-test to the post-test.
After the results of this study were analyzed, the question of “why” became a
mystery. The study presented in this paper was developed in order to answer the
questions the pilot study revealed.
2. Research design
The students in two third-grade classrooms were given a pre-survey, as
well as a pre-test. Each teacher was given three months to teach as many
problem-solving strategies as possible. After the three months, the students were
given a post-survey and post-test. From the thirty-three students, three were
chosen to give extensive interviews as to why he or she performed the strategies
that were chosen. The choice of the three participants was due to improvement
of scores on the two tests and the work that he or she did on each paper.
This study took place in two third-grade classrooms. The school is in a
suburban border city. The city borders Texas and Mexico and is situated with a
large Army post right in the center of the city. The school in which the study takes
place is located in an area of the city with a large military population. The
Academic Excellence Indicator System (AEIS) report is provided by the state in

46

order to display all demographics for individual campuses in Texas. The report
for 2008-2009 was not released in time to be included in this paper. The school
demographics will be presented from 2007-2008. That year there were 730
students at this campus. The third-grade accounted for 15% of the school with
111 students. 46% of the third grade was Hispanic, 31% were white, 20% were
African-American, 0.3% was Native American and 3% were Asian-American. In
the third grade, 42% were Economically Disadvantaged, 8.6% were Limited
English Proficient, 0.5% of the third-grade population was labeled as Disciplinary
Placements, and 33.3% were coded as At-Risk. On average, each teacher had
16.5 students. Again, this data is a representation of the school the year previous
to when the study took place.
The three students that were identified to be studied were all in the third
grade. After choosing the three using the criterion-based sample as described
above, two of the students were assigned to my general education class for the
2008-2009 school year and the third student was assigned to another general
education classroom. The teacher of the second classroom was specifically
chosen because of similar teaching styles. After collecting and analyzing the data
from the pilot study, all three students showed growth from the pre-test to the
post-test and had interesting changes to their survey #1 and #2. Each of the
participants was enrolled in general education with no supplemental resources or
classes. The names of all three participants were changed in this paper for the
purpose of confidentiality.
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B. Purpose of Study
The main purpose of this study was to find strategies that students find
helpful when solving mathematical word problems. These strategies should
encourage students to use graphic representations when solving word problems.
By teaching and modeling different techniques, it was believed that students
would find use of the representations and become successful in answering word
problems. I was aware that a solution to all students‟ struggles would not be
discovered; rather, an option for teachers to use when teaching students to
problem solve would become available. The purpose of the study was to
understand the challenges students in third grade face when solving
mathematical word problems as well as what strategies students find helpful. As
a pilot study was performed prior to the three case studies, it was discovered that
modeling and encouraging the use of graphic representations alone was not
enough to have students comprehend and solve unusual word problems
containing sufficient, insufficient, and extra information. Only 28% of third graders
were able to show improvement determined by the pre- and post-tests, which
begs the question “What strategies do third-grade students find helpful when
solving mathematic word problems?”
Participants
Because all of the participants were minors, consent forms signed by the
parents were necessary. Prior to the study, consent forms were collected from
each participant. There were two types of consent forms used, as one (Appendix
A) was used for the students enrolled in my class. It explained the treatment
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used in the pilot study. In addition, because I was the teacher of the class, the
students (participants), as well as their parents, were very knowledgeable as to
what the study entailed. A more general consent form (Appendix B) was given to
the third student. The study began in early November and was completed in late
April.
C. Design of Survey
First a pre-survey (Appendix C) was given to each participant. This survey
allowed me to gain information on how the students felt about problem solving.
Gaining insight into the students‟ feelings toward the topic being researched is a
good method of learning about the participants and their way of thinking. The first
question was designed specifically to find out what the student believed was the
most difficult part of problem solving. Question two simply looks into what helpful
strategy the student has had previously. This was important because when
scoring the pre-test, I must know of the participant‟s knowledge beforehand.
Therefore, the measurements of the intervention will be accurate. Finally, the
third question allowed the student to express the difficulties that he or she incurs
in problem solving. This gave insight as to what I should focus on while
instructing the students and what should be considered when developing
lessons.
D. Design of Tests and Teaching Techniques
Following the survey was the pre-test, which is a compilation of four
questions (Appendix D). The questions are designed specifically for this study.
The first is a problem in which the solution is stated in the question. This question
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is designed to include three different numerals. In order to answer correctly, the
student must correctly comprehend what the problem is asking. Since the answer
is stated in the problem, the student merely must take the information from the
problem. No mathematical operation or number manipulation is needed. Extra
numbers are given in the problem purposely to check the student‟s
comprehension of the problem. The second and fourth questions have
insufficient information, meaning the problem cannot be solved. In both problems
there is information that is both irrelevant and inapplicable in solving the problem.
The third problem has extra information; however, there is a solution to be
reached after performing a one-step mathematical operation. Again, the problem
has irrelevant information that students can easily find misguiding when trying to
solve the problem. Comprehension of the problem is the first step to answer
these problems correctly. The main purpose of the problems was to teach the
participants that using graphic representations would help to comprehend the
problems and, in turn, answer them correctly.
For the next three months, the students and I worked on strategies
including the use of graphic representations. The strategies used in the
classroom include but are not limited to underlining the question, circling the unit,
unit box, part-part-whole chart, arrays, t-chart for organizing patterns, organized
list, and making a number line. The strategies listed are outlined in table 2.1.
Students worked alone and in pairs. Students used mathematics manipulative
materials, as well as acting out the problem. Each student tried each technique
more than once to become familiar with it. Students were highly encouraged to
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Table 3.1
Underlining the question

Circle the unit
Unit box

Part-part-whole chart
Whole

Part

Array

T-chart

Organized list

Number line

The student underlines the
question in the word problem
in order to understand what
the problem is asking of them.
The unit is the object that the
student is counting
The student writes the unit in
a box to the side to serve as a
reminder as to what they
should be counting
The student reads the word
problem and determines
where the information fits
appropriately in the chart.

Part

The array is used for
multiplication problems. The
students use dots, circles, x’s,
or any other symbol and
organize the information in an
orderly arrangement
Students place information in
two separate columns in order
to compare the information
with each other.
Helps students view the
information given and review
it in order to understand what
still needs to be done.
A line with numbers in correct
numerical order
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read the problem as a story rather than a mathematics word problem. I asked
questions such as: who are the characters, what is the setting, what are the
characters doing, what is the characters problem in the story, and finally, what is
the solution to the problem? Working on problem solving every day for thirty
minutes was found to be overwhelming, so it was adjusted down to only three
times per week. The materials that the students used consisted of a collection of
word problems from the 2002, 2003, and 2004 Sharon Wells Mathematics
Curriculum, Inc. The district purchased this program to be used in subsequent
years and teachers continue to utilize it to supplement and allow more practice
on problem solving. In the entire intervention was 36 problems chosen from the
second six-weeks of the curriculum. These problems were chosen simply
because it was available in its entirety. In addition, I found it necessary to design
four problems, which I incorporated into the intervention, as two days‟ worth of
work was needed. Although the curriculum was being used, it was not that which
was being measured. The problems were simply used to model using a variety of
mathematical strategies to the students. The focus of the study was on the
students‟ use of graphic representations and how it affected problem-solving
success.
The two students assigned to my classroom sustained many days of
problem-solving strategies. The students were taught different techniques for
each problem. First, the student was instructed to take pertinent information and
pull it out of the problem. Van de Walle (2006) part-part-whole charts were a
major tool for students organizing information. This strategy was introduced to
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students as a pertinent part of the problem-solving process. Students were
trained to extract the information from the problem and place it into the part-partwhole chart. Often, the students discovered that a part-part-whole chart wouldn‟t
be appropriate; however, students soon learned how to adjust. Symbols were
encouraged rather than drawing the literal interpretation of what the problem
involved. Letters were a recommended technique, as it took less time than
writing out a full name. Students were taught to organize information in a table as
well. In order for concrete understanding, the students were told to act out what
was happening in the word problem. In addition, counters were used as a
physical representation of an object and finally, the students were expected to
take these concrete representations and transfer them into a graphic
representation on paper. The representations that were modeled and
encouraged were all of schematic nature. Students were discouraged from
drawing pictures as would be done in an artful manner. In fact, the word
“pictures” was never used; rather, the term “show your thinking” was used to
encourage the use of graphic representations. Signs, symbols, and any other
visuals were acceptable. Another skill that students used was classifying
problems into familiar groups as much previous research has suggested. It
became routine to determine the schema in which the problem belonged.
The teacher that the third case study was assigned to used similar
teaching techniques as much of the planning and training the teachers receive is
done together. Her strategies include, but are not limited to, underlining the
question, circling the unit, circling the important information, a total box, t-chart
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for patterns, number line, arrays, drawing a picture of what the problem said, and
identifying any keywords.
After an ample amount of teaching, modeling, and practicing, a post-test
(Appendix E) was given to each student. The post-test was arranged the same
way as the pre-test in the sense that one question contained sufficient
information, one question had the answer in the problem, and two of the
questions had insufficient information; however, they were not the same. In
addition, students were given a post-survey, which was identical to the presurvey. All students received the post-test and post-survey.
E. Choice of Case Studies
The students who stood as case studies were chosen with a criterion
based sample. This is defined by Miles and Huberman (1994) as choosing cases
which fall into predetermined criteria. This particular criterion was having an
improved score from the pre-test to the post-test. The three students in this case
study were placed into this criterion and therefore chosen as the participants.
F. Design of Interview
The goal of the interview was to discover what strategies helped the
student. The interviews were structured in a way that would help students explain
each step and hopefully realize where he or she steered in the wrong direction.
The student who was the speaker, would explain the steps while the interviewer
would just listen, not prompt or provoke. The interpretation of the interview came
from not only answers to questions, but also the tone of voice and intention of the
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answers. Often the questions that were created would lead to a second similar
question.
1. Case study #1: Jeremiah
Jeremiah is an AB honor-roll student who has always scored at the top of
the class. He is of Hispanic descent and eight years of age. He was born into a
military family and has many experiences to share with his classmates and
teacher. Jeremiah was assigned to the classroom in which I, the lead researcher,
was the teacher for the 2008-2009 school year. Immediately, it was apparent
what type of student Jeremiah was. He was able to draw conclusions and make
observations that other students do not always see. His comments are most
valuable to the topic being discussed and he is quick to correct a mistake that
others do not see.
Considering all of these attributes that Jeremiah possesses, he does not
receive A honor roll on any of his report cards. He is neither a perfectionist nor a
master of test-taking. His strengths are in how he views concepts and how he
perceives knowledge. He is very patient with his work and makes certain to put
all of his effort into everything he does. It is these attributes that put him above
the others.
In second grade, Jeremiah completed the year with a 90% average.
Because the 2008-2009 school year was his third-grade year, he had no TAKS
(Texas Assessment of Knowledge and Skills) data coming from second grade.
His received a score of 2436 on his 2009 TAKS-Mathematics, missing only two
questions out of the total forty questions. This put Jeremiah at commended
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status. Only 31 out of 137 third graders reached this status (23%). The Texas
Primary Reading Inventory (TPRI) test measures reading fluency,
comprehension, vocabulary, and spelling. Jeremiah was ranked 45 out of 144
readers in the third grade in January. This tells us that he is close to the top third
of his class in reading. This includes comprehension, fluency, vocabulary, and
spelling. He answered six out of eight comprehension questions correctly on the
TPRI. Currently in fourth grade, Jeremiah has an 89% average and received a
94% on his latest Mathematics benchmark. These are both graded on the same
100% scale.
Jeremiah declared on his pre-survey (Appendix F.1) that he first looks at
the numbers in the problem and reads to decide if he should add or subtract
them. He stated that what helps him when working on a math word problem is to
think of the number question in his head, then do it on paper to make sure that it
is correct. He also said that hardest part of a math word problem is to solve the
question.
After the intervention, Jeremiah‟s answers changed on two of the
questions (Appendix F.3). Instead of first looking at the numbers and deciding if
he should add or subtract, he now underlines the question. The thing that helps
him the most to solve the math word problems is to create a part-part-whole chart
and organize the information inside the chart. One thing that remains the same is
what he considers the most difficult part of the math word problem, which he said
is getting your answer.
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After sitting down with Jeremiah at length and discussing his use of
representation and his comprehension, I found one of Jeremiah‟s most helpful
strategies to be the use of graphic representations because they helped him to
organize the information given in the word problem.
2. Case study #2: Roman
Roman is an eight-year-old boy of Hispanic descent. He is an extremely
artistic young boy who can draw pictures with so much detail. His masterpieces
look like those of a professional, though he says he does not enjoy drawing
because everyone always asks it of him. He does well in school, though his
grades are those of an average student. His final average in Mathematics for his
second-grade school year was 91. On his TAKS-Mathematics he scored a 2323.
He missed four out of forty questions. On the TPRI he ranked 8 out of 144
students tested. Also, he answered seven out of eight questions correctly.
Roman is doing very well in fourth grade, as his average is 91%. On his latest
Mathematics benchmark, he received an 88%.
When Roman was asked what he does first in a math word problem, he
also answered that he looks at the number, then adds or subtracts (Appendix
G.1). He said the addition or subtraction sign on the bottom left is what helps him
most to solve a math word problem. It can only be assumed because of the
description that he gave, that Roman is referring to the mathematical symbol in a
vertically structured number sentence. Also confusing is his answer to what is
hardest about math word problems. He states that the hardest part is when he
has to add five numbers. Although Roman is not very specific as to what he is
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referring to, a reasonable assumption would be a five-number addition problem,
which is rarely given to a third-grade student; however, can is an intimidating
problem.
Roman shows a lot of growth as he reflects on his work after the
intervention (Appendix G.3). Now his first step when solving a math word
problem is to read the question, see what his choices are and choose the one he
thinks is correct. Showing his work helps him the most in reaching the correct
answer. This astute answer shows that he needs some sort of visual
representation on his paper in order for him to organize the information and
reach the correct answer. Again, the hardest part of a word problem for him
involves the actual task of choosing the correct answer. Roman is referring to a
TAKS formatted test with multiple choice answers. He states that it is most
difficult when he has three good answer choices and he has to select one of
them.
3. Case study #3: Benjamin
Benjamin is a student that was assigned to the class by a pre-existing
school-based placement. His class was the comparison group from the pilot
study. He is a white male at eight years of age. Benjamin is an enlightening
learner, as he shares all of his observations with his peers. He is focused and
likes learning new things while being unafraid to question when he is confused.
On his TAKS Mathematics he received a score of 2222, missing seven out of
forty questions. Benjamin is ranked 68 out of 144 third graders on the TPRI test.
He answered seven out of eight comprehension questions accurately. Currently,
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he holds an 82% in fourth-grade Math and received a 71% on his last Math
benchmark.
When Benjamin was asked initially what he does first when answering a
word problem, he stated that he reads it first (Appendix H.1). The thing that helps
him most when solving a word problem is when he has to work it out. Benjamin
also said that the hardest part for him is when he has to do multiplication.
Benjamin did not receive the intervention, but was given the second
survey (Appendix H.3) at the same time as the treatment group was given the
second survey. Again, he said the first thing he does when solving word
problems is to read the problem. What helps him to solve the problem is to circle
the numbers, and the hardest part about word problems is everything.
F. Data Collection
As two of the participants were enrolled in my class, I became very
familiar with their individual learning styles and personalities. I was familiar with
their needs and how to best help them understand a difficult concept. This was a
benefit for me as a researcher because I was able to fully analyze the work of the
students. I was not as familiar with the third student, Benjamin; however, through
my analysis, as well as interviews and observations, I could collect the most
important data, which helped clarify my research questions.
The qualitative data that was taken will help me by revealing variables that
took place throughout the study that may have been overlooked when designing
it. This data will reveal what modifications and adjustments are necessary so that
future researchers can benefit and use this study as a tool.
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I kept an observation log each day so as to refresh the memory of the
work we did. In addition, the students collected their work in a specified
notebook. This assisted me as I can go back and reflect on what technique I
taught the students to use for specific problems. Both surveys that were given
are elements of the qualitative research. Students‟ answers to why something is
difficult or what is so difficult about a concept become a very useful tool in
analyzing student work.
After the students had completed the study, I interviewed a select few.
The goal was simply to determine if the students could verbally explain their
answer choices and reasoning behind them.
In education, it becomes difficult to conduct an accurate study. The reason
behind the study was to simply monitor the frequency of the students‟ use of
graphic representation and determine which strategy would help more students
most often. This study is relevant to a regular third-grade mathematics lesson. It
has helped both the students and me to become better at problem-solving skills.
The study was beneficial to the students, as it was 100% academic training for
mathematical word problems.
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Chapter IV
RESULTS
Research by Fuchs et al. (2003) and Brookhart et al. (2004) has shown
that students learn best when they take ownership of their learning. Through
looking at student work and interviewing these students at length, I am able to
understand what particular strategies work best for these students. It is
refreshing to listen to explanations of what does and does not make sense when
working mathematical word problems. Graphic representations are one good
method that all three students found to be helpful when critical thinking is
necessary.
A. Transcriptions of Case Studies
1. Case study #1: Jeremiah
The following is the conversation that took place when interviewing
Jeremiah (Appendix F.5):
Teacher:

What is your favorite subject?

Jeremiah:

Science.

Teacher:

Do you like reading?

Jeremiah:

Yes, I love non-fiction books the most, biographies.

Teacher:

Why do you like non-fiction?

Jeremiah:

Because you learn more.

Teacher:

Do you like math?

Jeremiah:

Yes, because it is challenging.

Teacher:

What is your favorite thing about math?
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Jeremiah:

Multiplying.

Teacher:

When you have to do a word problem, what is it that you look for?

Jeremiah:

The question because it tells you what to do, kind of like how to
figure it out.

Teacher:

What do you do first?

Jeremiah:

Look at the question and circle the information to figure out the
operation.

Teacher:

How do you know that you understand the problem?

Jeremiah:

I reread to make sure and rewrite the information from the problem.

Teacher:

What helps you to solve the problem?

Jeremiah:

I make a chart or use pictures.

Teacher:

How do pictures help you?

Jeremiah:

They help me because I like them more than words. I relate more to
them because I love to draw.

Teacher:

Do you draw a picture, an exact picture, or do you use symbols for
the pictures?

Jeremiah:

I use symbols.

Teacher:

Which kind? Could you give an example of what you would use to
represent apples? Or Tuesday?

Jeremiah:

I would use circles to represent apples, or the letter T to represent
Tuesday.

Teacher:

Let‟s look at this problem (#2 on pre-test, see Appendix F.2). Can
you read it and tell me who and what this problem is about?
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Jeremiah:

(Reads the problem). It‟s about Cara. She has two shoes with red
shoelaces and three shoes with blue shoelaces. How many green?
I know she can wear them all.

Teacher:

How can you know that she wears them? What are your clues?

Jeremiah:

They‟re shoes, but I guess it doesn‟t say that.

Teacher:

What does the problem want you to find out?

Jeremiah:

How many green. It should tell you, but it doesn‟t. It cannot be
figured out.

Teacher:

How did you get four before?

Jeremiah:

I don‟t know. I thought it said just one green.

Teacher:

Okay, lets look at this one (#2 on the post-test, see Appendix F.4).
Can you read it and then tell me who and what it is about?

Jeremiah:

(Reads the problem). It‟s about Julia and her homework. She is
doing 30 minutes of homework and 30 minutes of reading. How
long is the TV show?

Teacher:

I noticed on your paper, you wrote “you can‟t figure that out without
any evidence.” What kind of evidence do you need?

Jeremiah:

The problem doesn‟t mention anything about a TV show.

Teacher:

You‟re right. These two problems are very similar. What helped you
on this one (post-test), but tricked you on this one (pre-test)?

Jeremiah:

The first one is talking about the same thing, but different color
(shoelaces). The second one is completely different things.
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Teacher:

What could you have done on the first one to help you not to be
tricked?

Jeremiah:

If I drew the shoe with the letter of the color (i.e. blue=b) above the
shoe, then I would have known there were no green shoelaces.

The first thing that stood out in my conversation with Jeremiah was when
he said he looks at the question first because it tells him what to do. He uses the
question as a source of information, which is a strategy for problem solving. He is
able to recognize the structure of a word problem. He differentiates a
mathematics word problem from a story because it has a question and he knows
he needs that question to help him solve whatever problem he has. This adds to
the difficulty and hinders students from viewing mathematics word problems as
stories. They are constructed in a way that gives information, asks a question,
and poses a problem with no solution. Most stories that are being read in
Reading class have problems, but state the solution as the student continues to
read. That is one of the enjoyments of reading. Being forced to find the solution
to the problem takes out the enjoyment and leaves students feeling
overwhelmed.
Jeremiah stated that he always underlines the question and circles the
important information first. This is a strategy that many teachers use to help their
students. If we train students to do this, does it help them to understand the
problem? Jeremiah says he rereads the problem to make sure that he fully
understands it. Also, he extracts the pertinent information from the problem and
writes it down. This strategy helps him because he is taking more ownership of
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the problem by writing it down on his own. The information is becoming more
familiar to him and he can use it to manipulate it in the most appropriate way.
Jeremiah goes on to make a chart or picture of the problem. One of the most
interesting things that he says is that he likes the pictures more than words. He
says he relates to them better. This is true among so many third graders and
students alike. Pictures are kid-friendly. A story with pictures is much more
appealing to most students than just words. Even adults sometimes understand
things better when there is a picture or diagram to supplement the words. Just as
students are trained to underline the question, teachers should encourage some
type of graphic representation to be built by the student. It will reinforce
understanding and conceptual growth.
As Jeremiah explained his confusion in the problem that deals with
different colored shoelaces, I realized something about the way third-graders
think. He assumed that the person in the story was wearing these shoelaces. I
didn‟t ask him if he thought Cara was wearing the shoes, nor was it at all
important to the problem solution. When I asked him how he knew she wore
them, he just said he knew she did because they are shoes. People wear shoes
and he knows that. He also realized that there was not enough information given
in the problem. To a child, this becomes somewhat stressful. He was trying to
figure out why there was no information about green shoelaces, yet the question
was asking about them. Because of his uneasy reaction to the problem, he
created a number that he “thought” he saw and solved the problem anyway. It did
not make sense to have a problem without sufficient information. In a child‟s
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mind, there should be sufficient information or else there is no reasonable
solution. Therefore, the missing information was created.
Jeremiah did answer one of the two questions correctly. They were
constructed the same way, leaving out the information needed to solve the
problem. He was very quick to explain why he thought he missed one but not the
other. His reason is both interesting and logical. He blames the problem set up
for his confusion. Because the objects being used in the first problem were the
same, except for the color, he was more easily confused than when the objects
were all different. This is an interesting thing to think about when writing
problems in the future.
Jeremiah finished the interview by acknowledging that some sort of
representation would have helped him develop a better understanding of what
the problem was asking him to do. He says he would have drawn the shoe with a
letter representing the color of the shoelaces. This is helpful to know because
representing the problem with graphics can help other students as well when
faced with the challenge of mathematics word problems.
Jeremiah recognized his errors in that on the first problem he tried to add
two numbers together. In fact, he realized that he tried to add three and one,
when one wasn‟t even mentioned in the problem. He said he misread and
thought it said one. Many students do this, which causes them to lose the
conceptual understanding which is necessary to solve the problems. It is often a
first reaction. In fact, Jeremiah actually created a number even though it was not
stated in the problem. He added the two numbers together and was content in
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using that as his answer. This reaffirms my hypothesis that students see word
problems and automatically look to see what they can add. The problem has no
value to them as far being a story. Reading comprehension strategies are useful
even in mathematics, as students should put more focus on the content of the
story problem rather than the numbers. After Jeremiah was taught several
strategies, he was able to view the same type of problem as a story and
conclude that it had no solution due to lack of evidence. He did make the
connection that the second problem might have been less tricky, because all of
the units being combined were different things (i.e., homework, reading, and
television show). He said the first problem was more confusing because all the
objects were shoelaces, just different colors. Although this might have been a
variable, he concluded that he could have answered it correctly had he
represented his thinking on paper with symbols.
Jeremiah is just like many other third-graders in that he is a visual learner.
He needs visual strategies to reinforce reading comprehension and the
completion of the mathematical operation. Graphic representations are/were the
perfect tool for Jeremiah to solve the word problems he was given. Hopefully, in
the future he will take these strategies with him and implement them as needed.
2.Case study 2: Roman
Roman came into the interview (Appendix G.5) remembering the pre- and
post-test very clearly. He was excited to sit and discuss it with me and had quick,
justified answers for each question. The following is the conversation we had:
Teacher:

What is your favorite subject?
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Roman:

Science. I like it because we do a lot of experiments and get to play
around with stuff.

Teacher:

Do you like reading? Why or why not?

Roman:

Yes, I like reading fiction chapter books. I like Captain Underpants
and another one, but I can‟t remember what it‟s called.

Teacher:

What is your favorite thing about reading?

Roman:

It‟s fun, because sometimes it makes you laugh or cry.

Teacher:

Do you like math? Why or why not?

Roman:

Yes, because you work with people. You can combine brains.

Teacher:

What is your favorite thing about math?

Roman:

Multiplication, because I like to be challenged.

Teacher:

What do you look for first in a word problem?

Roman:

It depends on how hard it is. The ones that are kind of hard are the
ones that have to be converted. I like them though because I like
the challenge. I also look to see if I‟m going to add, multiply, and
check to see if it makes sense.

Teacher:

What do you do first?

Roman:

See if it sounds right or not.

Teacher:

What helps you to solve the problem?

Roman:

Working with a partner and comparing work.

Teacher:

Do you write anything down after you read the problem?

Roman:

The number sentence. I try all the operations until I find the right
answer.
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Teacher:

You try all of the operations?

Roman:

Yes, then I find the matching answer.

Teacher:

What if two answers match?

Roman:

Then I have to figure out which one makes the most sense.

Teacher:

How do you figure out if it makes sense?

Roman:

I like to make a key on the side.

Teacher:

What do you write in the key?

Roman:

I write whatever it is that I have to count.

Teacher:

Oh, okay. So, it‟s your unit? Almost like a unit box?

Roman:

Yes, I forgot that we called it that. I just call it a key.

Teacher:

What does the key help you to do?

Roman:

To figure out how much something is worth and if I have to add or
multiply.

Teacher:

Do you draw anything else?

Roman:

Drawing takes too much time. It is a waste of time.

Teacher:

What about symbols? Do they help you?

Roman:

Symbols help me to concentrate on what to do to solve the
problem.

Teacher:

Let‟s look at this problem (#1 on pre-test, see Appendix G.2). Can
you read it to yourself? (Roman reads the problem). Can you tell
me who and what this is about?

Roman:

It is about Jenna and her brothers. She is making cookies, they are
gingerbread and tree cookies.
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Teacher:

What are the brothers doing?

Roman:

They will eat the tree cookies. Jenna will eat the gingerbread.

Teacher:

Does it say that the brothers will eat the tree cookies and Jenna will
eat the gingerbread?

Roman:

Well, it says the brothers will eat the tree, so that means Jenna will
eat the gingerbread. Those are the only ones left.

Teacher:

Okay, good. I like how you organized your information. What did
you notice about this problem?

Roman:

I noticed that the answer is in the problem.

Teacher:

That was very smart of you, good job. Now look at this problem (#1
on post-test, see Appendix G.4). Can you explain these symbols
that you drew over here?

Roman:

Well, he made two Valentines, so I drew a two with a heart. Then
he used three sheets of pink paper, so I drew a three with three
squares. He used four sheets of red paper, so I drew a four with
four squares.

Teacher:

And why did you cross out the two with the heart?

Roman:

Well, I knew that the question says to count paper, so the heart
doesn‟t matter because it is the cards.

Teacher:

Wow, so the symbols helped you realize that?

Roman:

Yes.

Teacher:

That‟s very smart. Look at this one now (#3 on pre-test, see
Appendix G.2). What is it about?
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Roman:

There are 15 clownfish swimming and two starfish distract four of
the clownfish.

Teacher:

What does that mean? Can you explain what exactly is happening
in the story?

Roman:

Well, two of the starfish take four clownfish away.

Teacher:

I like the way you explain that. I like your words “take…away”. What
do you think you did wrong when you answered this problem?

Roman:

Oh, I added the clownfish together instead of subtracting.

Teacher:

That‟s good that you realize that. Let‟s compare that with #3 on this
one (post-test, see Appendix G.4). What is this story about?

Roman:

It is about Oscar sending postcards.

Teacher:

Where is Oscar sending them?

Roman:

Hmm…oh wait, he isn‟t sending them, he‟s buying them.

Teacher:

Yes, you‟re right. How did your symbols help you over here?

Roman:

I drew a two and then a stick person to show that it was two
brothers, not postcards. Then I drew a three and a square to show
three postcards and a six and a square to show six more postcards.
Then I could cross out “two brothers” and I realized that I needed to
add six plus three.

Teacher:

How did you know to add those two numbers?

Roman:

Well, I knew I was counting the postcards he‟s collected so I knew
to add.
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Teacher:

What was different from the problem we were looking at here? Why
do you think this one (#3 on pre-test, see Appendix G.2) tricked
you, but not this one (#3 on post-test, see Appendix G. 4)?

Roman:

Because this one (#3 on post-test, see Appendix G.4) was adding
and this one (#3 on pre-test, see Appendix G. 2) was subtracting.

Teacher:

Did the symbols you drew help you to answer this problem?

Roman:

Yes, they helped me to tell apart brothers from postcards.

One of the first things Roman said was that he liked reading because of
the emotions that he feels when he‟s engrossed in a story. He enjoys laughing or
crying with the story, which is not something that many third-graders have
experienced. Roman is a very mature reader. One of his favorite series is
Captain Underpants. This is called a graphic novel. A graphic novel is a narrative
story that is structured in comic form. Rather than a page of words, the words are
conveyed through pictures with word bubbles. Something else Roman enjoys is
the opportunity to work with his classmates during math time. For Roman and the
others enrolled in my class, much of math was structured through group work.
The students should feel that what they have to contribute is valuable to each
other. Again, Roman mentions group work when he was asked what helps him to
solve a problem. He reaffirms that working with a partner and comparing work is
a good way to solve a problem.
An interesting thing regarding the process in which Roman solves a
problem is that he attempts every operation until he ultimately finds an answer to
match the options given. This is one of his first steps. It can be concluded that

72

Roman shows no interest in making sense of the problem from the onset. He
does that only when it is becomes necessary. Attempting each of the four
mathematical operations is easier for him than reading the problem for
comprehension and making the best choice. This is the way that students are
trained to view mathematical word problems. Basically, they are problems that
need a solution – not stories.
Finally, when asked how he confronts a problem where two answers
match, Roman explained that he tries to make sense out of the problem. His
strategies include making a “key,” as he refers to it. In class, it was called a “unit
box,” with the unit being the object being counted. This strategy is helpful
because students can visually see the object, which they are looking for
information on. Often a word problem contains extra information and the unit box
will help students to eliminate unnecessary information from the onset. Roman
continues to explain that drawing takes too much time. Roman is an avid artist in
his everyday life. It is interesting that he finds drawing to be too time consuming
in math. His response, though, included the use of symbols. He finds that
symbols help him to understand the problem. As stated in Chapter 2, pictorial
representations are not found to be useful, as they are replicas of actual objects
(i.e., drawing a house to represent a house). Roman is referring to schematic
representation, which is when a symbol is used to represent an object (i.e., using
a square to represent a house). Roman finds that symbols help him concentrate
on what to use to solve the problem. He proves that this is a viable tool when he
used this strategy on his post-test. He drew a heart to represent Valentine‟s
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cards and a square to represent paper. Once he realized he was counting paper
(per his unit box) he was able to cross out the information pertaining to the
Valentine‟s cards. That is very mature and very useful for a third grader to do
when organizing information from a word problem.
Much like Jeremiah, Roman made a few assumptions when reading the
word problems. One problem stated that Jenna made two types of cookies, trees
and gingerbread. The problem explained that her brothers liked the tree cookies
the most. Roman stated that the brothers would eat the tree cookies and Jenna
would eat the gingerbread. The problem never stated that any of the cookies
would be eaten; however, Roman used common sense to piece that together.
This is a good reading strategy, yet has nothing to do with solving the problem. In
fact, it can cause confusion for the reader because it never mentions who will eat
which cookies. Students make assumptions because that‟s what good readers
do.
As Roman explained another problem to me that involved clownfish and
starfish, he was able to find that his verbiage gave him clues as to what to do to
solve this particular problem. The problem involved 15 clownfish in which four of
the clownfish were distracted by two starfish. When I asked him what that meant,
he said the starfish “took away” the four clownfish. At that moment, he realized
that he should have subtracted rather than adding. On a similar problem, Roman
used symbols to represent the objects being used. He answered correctly. When
I asked him why he thought he soled that problem correctly and the other one
incorrectly he said it was because the first problem required him to subtract and
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the second one required him to add. Most students will answer the problem
correctly. That is a default operation to many of them. It doesn‟t, however, always
mean that they understand the problem completely.
Roman shows understanding of the mathematical concepts when he
shows a graphic representation. He is able to transfer the information from words
to a concrete representation, and that prevents any confusion when solving the
problem. When Roman didn‟t use representation, he was easily confused on
what information was pertinent to solving the problem. Roman likes to learn from
his peers in a cooperative group setting. That is a concrete way to learn because
the students are able to discuss among themselves until they can make sense of
the problem. Putting the information into graphic representations, encouraging
cooperative learning and conceptual understanding are all strategies that helped
Roman to develop the necessary skills to solve these problems correctly.
3. Case study 3: Benjamin
Benjamin was not in my class; however, he fully remembered taking the
pre- and post-test. I sat and talked with him for a while because I didn‟t really
know him or his learning style (Appendix H.5). After a few minutes, I realized that
he was a very articulate, intelligent boy who was very comfortable speaking with
me, although he never had before. I enjoyed my conversation with him and it
cleared up many questions that I had regarding his tests. The following is my
conversation with him:
Teacher:

Benjamin, what is your favorite subject?

Benjamin:

Social Studies, because I like reading about the United States.
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Teacher:

That‟s great. What about reading, do you like reading?

Benjamin:

Yes, I like Hank Zipzer books. I‟ve read a lot of them and I‟m
reading My Dog the Scaredy Cat right now.

Teacher:

Those are great books. What is your favorite thing about reading?

Benjamin:

I like finishing the book to take an A.R. (Accelerated Reader) test.

Teacher:

What about math? Do you like math?

Benjamin:

Yes, I like adding and subtracting.

Teacher:

What is your favorite thing about math?

Benjamin:

Multiplication. I even know some by heart.

Teacher:

Let‟s think about word problems. What do you look for when you
first start a word problem?

Benjamin:

I look at the question and information to circle. I cross out what I
don‟t need.

Teacher:

Is there always information to cross out?

Benjamin:

No, only sometimes.

Teacher:

What do you do first?

Benjamin:

I look for important stuff to circle. I underline the question and cross
out the trash.

Teacher:

How do you know that you understand the problem?

Benjamin:

I reread it.

Teacher:

What helps you to solve the problem?

Benjamin:

I write the numbers that I need to add.

Teacher:

How do you know if you have to add the numbers or subtract them?
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Benjamin:

The question will say “altogether” which means add, or “how many
more” which means subtract.

Teacher:

Oh, so the words in the problem can guide you to solve the
problem?

Benjamin:

Yes, that‟s what I look for.

Teacher:

Do you write anything down after you read the problem?

Benjamin:

I sometimes draw a picture.

Teacher:

What would you draw if the problem were about stickers?

Benjamin:

Maybe a circle to represent a sticker.

Teacher:

How do the pictures help you to solve the problem?

Benjamin:

Well, I draw the pictures because the words sometimes confuse
me.

Teacher:

Oh, I understand. I feel that way too sometimes. Do you like to
draw pictures with a lot of details or simple pictures?

Benjamin:

Simple pictures, because we don‟t have time. I would use a stick
figure to show a clown.

Teacher:

That is very smart. Let‟s look at this problem (#3 on pre-test, see
Appendix H.2). Can you tell me what this problem is about?

Benjamin:

There are 15 clownfish and two starfish. The starfish distract four of
the clownfish. Now there are, um…11.

Teacher:

Can you tell me what happened to the starfish? What does
“distract” mean?
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Benjamin:

Distract means to keep them from doing something. Four of the
clownfish floated away.

Teacher:

Look at your answer. What did you do wrong, because you just said
the answer was 11, but on your paper you put 13.

Benjamin:

Oh, I took out the two starfish instead of the four clownfish. I didn‟t
read it carefully before.

Teacher:

That is a very good observation, Benjamin. Let‟s look at this one
now (#3 on post-test, see Appendix H.4). What did you do
differently on this one? They are the same problem, just different
words, so why didn‟t this one trick you?

Benjamin:

I think because I circled the information on this one (post-test) and I
crossed out the trash.

Teacher:

So, it helps you when you write stuff, cross things out, or draw
pictures?

Benjamin:

Yes.

Benjamin first stated that he enjoyed social studies the most because he
liked reading about history. A first reaction to this would be to wonder why
reading is enjoyed in other subjects, but not in math. The best conclusion I could
reach is that problem posing is what scares students from enjoying the reading.
Benjamin also said that he enjoys finishing a book to take an Accelerated Reader
(AR) test. This is somewhat a motivation program for students to encourage
good readers. Math doesn‟t have quite the motivational strategies as other
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subjects may. In fact, math tends to become a mystery to students who do not
perform well, which can lead to frustration and animosity toward the subject.
First, Benjamin said that he always looks at the information in the question
and crosses out what he doesn‟t need. He made it seem as though there is
always something to cross out. When asked if there was always “trash,” he said
that it was only there some of the time. To fully understand the problem,
Benjamin likes to reread the story. After that, he extracts the information onto his
paper. This is a good technique because he takes ownership of the problem by
writing down the given information. One thing that Benjamin made a note of that
the others did not was key words. Benjamin even listed a few key words that he
looks for -- “altogether” and “how many more”. In Chapter 2, it was found that key
words are not a good strategy because it leaves math as a mystery. Students
need to look for content understanding rather than shortcuts. In addition, state
tests tend to purposely add key words that will test students‟ understanding. One
positive thing about Benjamin‟s use of key words is that he uses them to guide
his representation. He stated that he uses symbols to represent the information
given because the words confuse him. Symbols are more appropriate for
Benjamin because he says there isn‟t enough time to draw the entire picture.
When Benjamin was asked to explain what the story involving clownfish
and starfish was about, he was able to do so; however, he used mental math to
solve the problem right away. When asked what “distract” means, he explained
that four of the fish “floated away”. Using his own key words, he was able to find
the flaws in his work and see where he went wrong. When comparing the two
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problems that were structured the same way, Benjamin found that when he
circled the information from each problem he understood what it was asking
better. He made a connection with the problem, which gave him ownership of the
problem. From his use of representation here, he reached the correct answer
easily.
From a researcher‟s point of view, Benjamin had a very good observation
when he said that the words in a math word problem confuse him. He, along with
many other third graders, has a difficult time translating a math word problem into
a story. When he views a word problem as a story rather than a mathematics
problem, he understands it better.
B. Analyzing students’ attitudes and problem solving strategies
Given the circumstances of the classroom, design of tests, and structure
of teaching techniques, the three students in the study showed significant
progress and possessed the ability to articulate the strategies that worked best
for each of them. Also, the students‟ problem-solving strategies stood out above
the rest of the class, because each showed the work understanding that I
anticipated in all of the students. In the following section, I will compare and
contrast the students‟ attitudes and problem-solving strategies with each other to
find similarities and differences in the work they did. The comparison chart can
be found in Appendix I, table 4.1.
All three students showed an exciting interest in reading. Jeremiah likes
reading non-fiction biographies while Roman and Benjamin enjoy fiction books. It
is interesting that all three students had very different reasons for their love of
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reading. Jeremiah likes non-fiction because he learns more from it. Roman likes
reading fiction because it can make you laugh or cry and Benjamin is motivated
to read by the Accelerated Reader program. Reading is important to each and
comprehension is their goal. If the three students disliked reading, or showed
poor comprehension, word problems would be even more of a struggle. All three
students showed an interest in math as well. When asked what their favorite part
was about math, the answer was unanimous. In my opinion this is because
multiplication is viewed as a mystery. Students study to memorize their facts and
either remember them or don‟t. Memorizing multiplication facts is discouraged
because there is no conceptual understanding behind rote memorization.
Students need concrete knowledge for each concept in order for their level of
mathematics to improve. Roman emphasized that the level of difficulty in a word
problem determines his success. Jeremiah and Benjamin both expressed and
that it becomes difficult to know what information is needed. They use the
question to guide them. All three of the students answered at least one problem
incorrectly. This was due to either a computational error or the use of the wrong
numbers.
The three students shared some information to give insight as to what
strategies were helpful. Because all three students enjoy reading and have
decent comprehension levels, it can be assumed that reading comprehension is
a factor. Roman likes reading because of the emotions that are felt. He directly
relates to the stories. All three students were able to tell me who and what each
story (word problem) was about.
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As they all three enjoy multiplication the most, it can be concluded that the
competition and self-assessment play a part. Multiplication is often presented in a
classroom through a timed test, a race against a neighboring class, a flash card
race, etc. Students only memorize facts so it becomes a mystery to them.
Students can also monitor their own progress by how well they do in class. This
allows the students to take ownership and forces it to become personal. Selfassessment works because it makes students responsible for their learning.
Roman enjoys working in groups with his peers. He is able to talk about the
problem with other people and that helps him to understand how he is to
proceed. He made it clear that comparing work helps him to understand the
problem better.
Jeremiah and Benjamin both said that the question is the first thing they
look at when they see a word problem. Jeremiah went as far as to say that it tells
you what to do. He is making a very dignified observation because the question
is guiding the problem. Benjamin circles information in the question that he
knows he will need. Also, Benjamin uses the question to figure out what
information he can cross out. He knows that problems often give too much
information and it can confuse students. It is because of this that he utilizes the
question to clarify what information he does or does not need.
Both Jeremiah and Benjamin use some type of graphic to help them solve
the problem. Jeremiah says he makes a chart or some type of picture. Benjamin
writes the numbers down that he needs. Jeremiah says he likes pictures because
he can relate to them more since he loves to draw. Benjamin says words confuse
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him. Both students find pictures easier to understand and helpful in the problemsolving process. All three students said they would not draw an exact picture of
what object the problem contains. They all agreed that symbols would be just as
sufficient and more reasonable for time purposes. Roman believed that his
representation helped him to know what information was not necessary in solving
the problem. He said drawing pictures takes too much time, but he likes to use
simple symbols. Jeremiah believed symbols would have assisted him on one of
the problems. Benjamin had the same thoughts when he said he did better on
the problem in which he actually crossed out and circled information. All three
students believed that extracting information with symbols and marking
information on paper was a good tool in solving mathematical word problems.
Looking at Roman‟s post-test (Appendix G.4), we can see that he represented
the objects in the word problem with a symbol. Now, he could cross out
unnecessary information and visually see what numbers he needed to solve the
problem. It was agreed by all students that when graphic representations of the
word problems were used, better understanding of the problem took place.
C. How do the Results of the Study Address Research Questions?
1. Challenges with problem solving
When each of the students were asked to discuss what may have
confused them on a problem that they answered incorrectly, all referred to the
words in the problem. Each student made an error not in mathematics, but in
reading comprehension. Benjamin assumed that there were four green
shoelaces when, in fact, the problem never mentioned green shoelaces. Roman
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realized that his problem was that he added when he should have subtracted.
When he explained the problem to me, he caught the error in his work. He read it
so fast and assumed that his choice to add was correct that he missed the
comprehension part of the problem. Benjamin caught his mistake when
explaining the problem to me as well. He realized that he added the clownfish to
the starfish when he should have been taking away some of the starfish from the
group. All students failed to retain comprehension of the problem, which caused
the incorrect answers.
Another problem pointed out by Roman was the difficulty in subtracting
versus adding. He said when it is necessary to add, the problems are easier and
he makes less mistakes. For a problem that required subtracting, he used the
wrong numbers. This is his explanation. However, when analyzing his work, the
choice of subtraction is not the problem; rather, it is the objects, which he used to
do the math. He focused on the wrong numbers. This shows that numbers take
precedence to the student. The words in the problem don‟t have to make sense
in order for the student to perform the math. The students‟ errors prove how
important reading comprehension in math actually is.
Jeremiah brought up an interesting point when he said one of the
problems was that one story had a consistent object but different colors. To him
that was more confusing than the problem that had very different objects to
compare. He was confused not with what the problem was asking but which type
of object he had to focus on. Again, this is a reading comprehension issue.
Without the student understanding the problem, it is easy for him to focus on
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incorrect information or to believe that the problem has information in it which
does not.
2. Helpful strategies for problem solving
Two of the three students believe that the main focus should be in the
question. Jeremiah and Benjamin stated that the question would give you the
information necessary to tell you which operation to use as well as tell you what
information is not needed at all. Roman said the question helps him to see if the
problem sounds right or not. When starting to work the problem, Jeremiah likes
to make a chart or draw pictures. If he represents the problem on paper in a way
that he understands it, then his next steps are more visible to him. He says that
he relates more to pictures because he likes to draw. Another thing he does to
save time is use symbols rather than actual pictures of the objects. He might use
a circle to represent an apple. Roman says working with a partner helps because
they can talk about the next step to decide if what they do makes sense. He
starts with a number sentence for each operation and chooses which best fits the
problem. He says drawing takes too much time, so he uses symbols to help him
concentrate on what to do to solve the problem. Benjamin likes to write down the
numbers that he will use in his calculation. He says he sometimes draws a
picture because the words confuse him. Again, he is attempting to relate to the
problem by creating what makes sense to him. He says he would use simple
figures because he doesn‟t have enough time to draw it exactly as how he
envisions it would look.
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On the actual tests that were given, the three students showed the best
strategies that made sense to them. Jeremiah did not show any representation
on one problem that he missed. After reviewing it with him, he said he should
have drawn circles with a letter inside to represent the object‟s color. Had he
done that, he would have realized that there was no solution to the problem due
to insufficient information. Roman had one problem involving people and
postcards. He needed to count postcards only. On the side, he drew a stick
person to represent the people and a rectangle to represent the postcards. After
he read the question, he said he realized he should be counting postcards only
and crossed out the stick person. It was then that he knew what to do and found
the correct answer. Roman said the symbols that he made helped him to tell
apart the people from the postcards. Prior to this, he underlined his question and
circled his unit (postcards) so that he would remember what he had to count.
Benjamin had a similar strategy. He said when he writes information down,
crosses information out, or draws pictures, it helps him to understand what he is
expected to do. His work confirmed his belief because on one problem that he
answered correctly he did just that. He wrote down the information he needed on
the side and crossed out information in the problem.
3. The assistance of graphic representation
These three students were chosen by a criterion based sample, to be a
part of this study. The criteria being that they each missed one problem on the
pre-test that was answered correctly on the post-test. This begs the question,
what did they do differently? After sitting and talking with each student, it was
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found that they all showed some type of representation on their paper that was
not previously done. Jeremiah realized that had he drawn symbols to show his
work on one problem that he missed, he would have easily found the correct
answer. When he was talking about the problem, he was easily able to see
where his mistake was. Often it is the case that students do not find reasoning on
their own or in a small group. Roman expressed his enjoyment of talking with a
partner. When students talk about a math word problem, they are encouraging
making sense out of what they read and finding reasoning behind it. Students are
trained to read and compute without ever being encouraged to reason first.
Roman was also the student who likes to read because it makes him laugh or
cry. He enjoys reading graphic novels because he can relate to the pictures.
Graphic novels have become popular in the third grade and beyond because
children find enjoyment in reading through pictures. They will also find more
enjoyment in math through pictures. Roman transfers word problems into
pictures for this exact reason. It makes more sense to him. He has a better
understanding of reading if it is displayed through pictures. This is true for math
as well. On his paper, he did use symbols and organize his thinking in a way that
allowed him to see what information he needed to solve the problem. He
acknowledged that symbols helped him to decipher between people and
postcards. Benjamin said that simple figures help him to answer a problem. He
says the words sometimes confuse him. When he transfers the words into
something he understands (graphic representation) he is better able to answer
the problem correctly.
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All three students used similar techniques to work out the word problems.
A teacher can train a student to use these techniques, but, ultimately, the student
will use whatever is helpful to him/her. These three students were not told to do
anything in particular but choose what would help them to become successful.
Students‟ work is the most valuable teaching tool, because it shows what is
helpful and what is not. Teachers can build lessons around helpful strategies. If
the student can relate to something as Jeremiah, Roman, and Benjamin said
they relate to pictures, a richer learning experience will take place.
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Chapter V
DISCUSSION
A. Answering the research questions
According to the literature review outlined in this paper, the difficulties with
problem solving include, but are not limited to, reading comprehension, teachers
training students to solve word problems rather than emphasizing conceptual
understanding, and students‟ desire to quickly manipulate numbers without full
comprehension of a problem. The literature review also provides many helpful
strategies for students and teachers. These include schema-based instruction,
student self-assessment, games, bridging real-life with mathematics textbooks,
and, most of all, graphic representation. Researchers have agreed that graphic
representation can aid a student through a mathematical word problem.
Representing a problem has proven to assist students in reading comprehension
as well as successfully answering word problems.
B. Suggestions for practice
As students in each grade will face the challenge of solving mathematical
word problems, it is important for teachers to use strategies that will fit the
students‟ learning styles. Students must have a say in how to organize thoughts
and carry out a problem solution. Teachers should model techniques to give
students the external information allowing each student to internalize the
information in his/her own way.
It is important for teachers to value the thinking of his/her students and
allow students to share that thinking with others. In addition, students need the
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responsibility of monitoring their own progress and striving to reach a goal.
Conceptual understanding must be encouraged throughout each mathematical
concept in order for students to develop the proper base. Memorization, short
cuts, and tricks sometimes work for the present, but rarely stick with students
throughout their school career or even adulthood.
Lastly, mathematics is a developmental understanding of concepts and is
a helpful strategy for students solving mathematical word problems. It should be
viewed as such and conveyed as such to each student.
C. Reflection and limitations
As in many education action research projects, it became difficult to
perfect this study. Working with children, I found there to be an abundance of
variables, such as structure of the classroom, the proper exposure to all types of
problems, and time constraints to name a few. These became too difficult to
control. After the pilot study I realized that, though my beliefs hadn‟t changed, my
desire to “fix” something I believed in grew dim. As a teacher you have to allow
room for error and be flexible with change. Not every problem that students‟ find
in mathematics has one solution; rather, these problems become learning
experiences for both the students and the teacher. Once I had the three students
whom I felt would add the most to this study, I began to realize how much there
is to learn from the students. A conversation with one student can be sometime
more helpful than merely observing an entire class at once. The children were
able to express the difficulties they were having so eloquently. These difficulties
that were expressed were not as visible to me through observation alone. This
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proves that test scores do not always reflect the extent of knowledge that a
student possesses.
As a teacher I often feel as though I missed something or should have
explained a concept with more detail. In this study, I feel that the students should
have had more opportunity to provide strategy to the entire class and let them
take the role of the teacher. Knowing this and actually doing it become very
different things when in the classroom. Time does not allow for lengthy
conversations regarding one word problem alone. Had there been more time to
devote to problem solving, more strategies would have been offered to the
students and more conceptual understanding would have taken place.
Unfortunately for all of us, there is just not enough time in the school day
because of time constraints.
D. Directions for future research
Future research will help to answer the questions that still linger. I would
like to have a study that can back-up the qualitative findings of this study with
quantitative data. Both the pre- and post-survey, as well as the pre- and post-test
will be given, but there will be a very detailed intervention between the two. I will
make sure to expose students to every type of problem that are displayed in the
pre-and post tests and allow the students to share their findings with each other.
In problem solving, student self-assessment will take place, as well as schemabased instruction. During the intervention students will become teachers and aid
in their peers‟ learning experiences. Most of all, students will be exposed to all
types of graphic representation. Schematic representation will be encouraged, as
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symbols and letters will be modeled and displayed. After the data is collected, I
will find correlations between the use of representation with test scores and the
effects of the intervention on the test scores.
Lesser and Tchoshanov (2005) found that representational sequence
plays a major role in students‟ problem solving abilities. In a future investigation, I
would place emphasis on this concept giving students the opportunity to be both
the problem solver and the problem creator. Students would be responsible for
finding a problem solution when given a question, and in turn be given a problem
solution, when expected to find the problem question. Finally, students will be
given a graphic representation and be expected to find both the problem question
and problem solution. This would help ensure students‟ problem solving skills.
To further investigate reading comprehension, I will compare reading
levels with scores on both tests. A correlation between reading comprehension
and test scores will be found. A second classroom will be used as a comparison
group. A correlation between comparison group and treatment group will be
found as well. Hopefully, in the next study the results will significantly support the
conclusions of this study.
E. Conclusion
This study found that with mathematical word problems come many
difficulties for elementary third-grade students. The challenges that children face
were found to be reading comprehension, conceptual understanding,
unnecessary information in a word problem, and choosing the appropriate
mathematical operation. Through the literature reviewed in this paper, many
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helpful strategies were revealed to aid students in solving mathematical word
problems. These strategies include group discussion on problem solving
strategies, student self-assessment, incorporating games, learning that math
makes sense rather than using short cuts and keywords, and representing
information using a type of graphic. The study found a steady theme throughout.
This was the use of graphic representation. When this was done, each student
was able to show better understanding of the word problem. As each student has
a different ability to internalize information and understand concepts, graphic
representation serves as a constant in the learning experience. Students will
always be able to utilize this strategy as it is self-created and the student can
show ownership of his/her learning. In addition to graphic representation,
cooperative learning groups were found to be helpful when solving mathematical
word problems. Students often learn from each other what teachers have a hard
time relaying.
Problem solving is a life-long skill that will continue to be useful and
develop well after schooling is completed. Teachers can provide assistance
through the strategies suggested in this paper, which will allow students more
options to choose from. The challenges of problem solving will remain; however,
the strategies and interventions suggested can be implemented in order for
students to feel successful and as though they have developed the proper
conceptual understanding of each mathematical concept, including problem
solving.
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APPENDIX A
Form of Consent
Dear Parent/Legal Guardian,
I, Elizabeth Bernadette, ask for your consent to use your child in an action research study for my
Masters program. The study is titled Graphic Solutions to Problem Solving. It will consist of two surveys and
a pre-test and a post-test. In addition, I will maintain an observation log as well as several interviews that
your child may be a part of. It is possible that a photograph of your child will be taken and used for the
observation data only. The research intervention will take place from December to March. The entire class is
asked to participate.
I am studying the difficulties students have with mathematical word problems. It is my belief that if
students use graphic representations to organize their thinking, the child will more accurately answer the
word problem. A number and/or pseudonym will represent your child. The name of the school will remain
anonymous. Everything being done in the study is something that will not hinder; rather enhance your child‟s
learning experience. Each student will receive equal benefits from the study. Should you not consent, your
child will still receive the intervention, I will simply not include him/her in the data; however, I ask that you
please consent as my data will reflect more accurate results with the entire sample present. With your help
the study will be more beneficial to both the students and to me. The study will not create any more or less
work than would normally be given. If at any time, you wish to withdraw your child, feel free to do so.
Thank you for helping me to help my students,
Elizabeth Bernadette
Dr. Nixon Elementary
11141 Loma Roja Dr.
(915) 849-5700
----------I DO consent
----------I DO NOT consent
----------------------------------------Name of participant

-------------------------------------Signature of student

----------------Date

---------------------------------------Name of parent (printed)

-------------------------------------Signature of parent

----------------Date

---------------------------------------Name of supervisor

-------------------------------------Signature of supervisor

----------------Date
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Appendix B
General Form of Consent
Dear Parent/Legal Guardian,
I, Elizabeth Bernadette, ask for your consent to use your child in an action research study
form my Masters program. The study is titled, Graphic Solutions to Problem Solving. It will consist
of two surveys and a pre-test and a post-test. The entire class is asked to participate.
A number and/or pseudonym will represent your child. The name of the school will
remain anonymous. Everything being done in the study is something that will not hinder; rather,
enhance your child‟s learning experience. Each student will receive equal benefits from the study.
I ask that you please consent as my data will reflect more accurate results with the entire sample
present. The study will not create any more or less work than would normally be given. If at any
time you wish to withdraw your child, feel free to do so.
Thank you for helping me to help the students,
Elizabeth Bernadette
Dr. Nixon Elementary
11141 Loma Roja Dr.
(915) 849-5700
----------I DO consent
----------I DO NOT consent
----------------------------------------- -------------------------------------Name of participant
Signature of student

----------------Date

---------------------------------------Name of parent (printed)

-------------------------------------Signature of parent

----------------Date

---------------------------------------Name of supervisor

-------------------------------------Signature of supervisor

----------------Date
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Appendix C
Survey
Number:___________

Date:________________

1.

What do you do first when you are solving a math word problem?

2.

What helps you the most to solve a math word problem?

3.

What is the hardest part about math word problems?
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Appendix D
Pre-test
Number: _____________
1.

Date:_____________________

Every Christmas Jenna bakes cookies for her 4 brothers. This year, Jenna baked
12 tree cookies and 8 gingerbread cookies. Her brothers like the tree cookies the
most. How many tree cookies did Jenna bake?

2.

Cara has 2 pairs of shoes with red shoelaces and 3 pairs with blue shoelaces.
How many pairs of shoes does Cara have with green shoelaces?

3.

In a school of fish swimming by, there are 15 clownfish. 2 starfish floating by
distract 4 of the clownfish and they follow them. How many clownfish remain in
the group?

4.

Every week the zoo has to buy food for the animals. Last week the zoo bought
44 bunches of bananas and 83 pounds of peanuts. About how many bushels of
apples does the zoo purchase every week?
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Appendix E
Post-test
1.

Jimmy made 2 Valentine cards out of different colored paper. He used 3
sheets of pink paper and 4 sheets of red paper. How many sheets of red
paper did Jimmy use?

2.

Every night Julia has to do 30 minutes of homework and 30 minutes of
reading. How long is Julia‟s favorite television show?

3.

Oscar and his 2 brothers love to collect post cards. When he went to
Colorado, Oscar bought 3 new postcards. In Texas, he bought 6 more.
How many postcards does Oscar have in his collection now?

4.

The school basketball team scored 6 baskets before half time. The tea
won the game by 9 points. How many baskets did the team score in the
second half?
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Appendix F.1
Jeremiah‟s pre-survey
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Appendix F.2
Jeremiah‟s Pre-test
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Appendix F.3
Jeremiah‟s post-survey
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Appendix F.4
Jeremiah‟s post-test
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Appendix F.5
Jeremiah‟s interview
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Appendix F.5
Jeremiah‟s interview continued
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Appendix G.1
Roman‟s pre-survey
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Appendix G.2
Roman‟s Pre-test
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Appendix G.3
Roman‟s post-survey
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Appendix G.4
Roman‟s post-test
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Appendix G.5
Roman‟s interview
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Appendix G.5
Roman‟s interview continued
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Appendix H.1
Benjamin‟s pre-survey
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Appendix H.2
Benjamin‟s pre-test
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Appendix H.3
Benjamin‟s post-survey
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Appendix H.4
Benjamin‟s post-test
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Appendix H.5
Benjamin‟s interview
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Appendix H.5
Benjamin‟s interview continued
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Appendix I
Interview summary sheet
Table 4.1

1. What is your
favorite subject?
2. Do you like
reading?

3. What is your
favorite thing
about reading?
4. Do you like
Math?

5. What is your
favorite thing
about Math?
6. When you have
to do a word
problem, what is it
that you look for?

7. What do you do
first?

Jeremiah
Science

Roman
Science

Yes, I love nonfiction books the
most,
biographies.

Yes, I like reading
fiction chapter
books. I like
Captain
Underpants and
another one but I
can‟t remember
what it‟s called.
I learn more from It‟s fun because
non-fiction
sometimes it
makes you laugh
or cry
Yes, because it is Yes, because you
challenging
work with people,
you can combine
brains.
Multiplying
Multiplication
because I like to
be challenged
The question
It depends on
because it tells
how hard it is.
you what to do,
The ones that are
kind of like how
kind of hard are
to figure it out.
the ones that
have to be
converted. I like
them thought
because I like the
challenge. I also
look to see if I‟m
going to add,
multiply, and
check to see if it
makes sense.
Look at the
See if it sounds
question and
right or not.
circle the
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Benjamin
Social Studies
Yes, I like Hank
Zipzer books. I‟ve
read a lot of them
and I‟m reading
My Dog the
Scaredy Cat right
now.
I like finishing the
books to take an
A.R. (Accelerated
Reader) test
Yes, I like adding
and subtracting

Multiplication, I
even know some
by heart.
I look at the
question and
information to
circle. I cross out
what I don‟t need.

I look for
important stuff to
circle. I underline

8. What helps you
to solve the
problem?
9. What do you
write down on
your paper?

10. Do you draw
an exact picture or
do you use
symbols for the
pictures?

12. Lets look at
problem…what is
the story about?

13. Why do you
think…

Jeremiah
information to
figure out the
operation.
I make a chart or
use pictures.
Pictures. They
help me because
I like them more
then words. I
relate to them
because I love to
draw.
I use symbols. A
circle to
represent apples,
or a T to
represent
Tuesday.

#2 on pre-test:
It‟s about Cara.
She has two
shoes with red
shoelaces and
three shoes with
blue shoelaces.
How many
green? I know
she can wear
them all.
They‟re shoes,
but I guess it
doesn‟t say that. I
need to know
how many green,
it should tell you
but it doesn‟t. It
cannot be figured
out. I don‟t know
how I got four. I
thought it said
just one green.

Roman

Working with a
partner and
comparing work.
The number
sentence. I try all
the operations
until I find the
right answer.

Benjamin
the question and
cross out the
trash.
I write the
numbers that I
need to add.
I sometimes draw
a picture because
the words
sometimes
confuse me.

Drawing takes too
much time it is a
waste of time.
Symbols help me
to concentrate on
what to do to
solve the
problem.

I would use simple
figures because
we don‟t have
time to draw. I
would use a stick
figure to draw a
clown or a circle
to represent
stickers.
#3 on pre-test.
#3 on pre-test:
There are 15
There are 15
clownfish
clownfish and two
swimming and
starfish. The
two starfish
starfish distract
distract four of the four of the
clownfish.
clownfish. Now
there are,
um…11.

Well, two of the
starfish take four
clownfish away.
Oh, I added the
clownfish together
instead of
subtracting.
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Distract means to
keep them from
doing something.
Four of the
clownfish floated
away. Oh I took
out the two
starfish instead of
the four clownfish
before. I didn‟t
read it carefully
before.

14. Let’s look at
problem…what is
the story about?

15. Why do you
think…

16. Why do you
think the other
problem tricked
you but not this
one?

Jeremiah
# 2 on the posttest
It‟s about Julia
and her
homework. She
is doing 30 min.
of homework and
30 min. of
reading. How
long is the TV
show?
This problem
doesn‟t mention
anything about a
TV show so you
can‟t figure that
out without any
evidence.

The first one is
talking about the
same thing but
different colors.
The second one
is completely
different things
so it was easier.

Roman
#3 on post-test:
It is about Oscar
sending
postcards.

Hmmm…oh wait,
he isn‟t sending
them, he‟s buying
them. I drew a 2
and then a stick
person to show
that it was two
brothers not
postcards. Then I
drew a 3 and a
square to show
three postcards
and a 6 and a
square to show
six more
postcards. Then I
could cross out
“two brothers”
and I realized that
I needed to add
six plus three. I
knew I was
counting the
postcards he‟s
collected so I
knew to add.
Because this one
was adding and
the other one was
subtracting. They
symbols helped
me to tell apart
brothers from
postcards.
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Benjamin
Benjamin looked
at # 3 on post-test
but was not asked
questions 14 and
15.

I think because I
circled the
information on this
one and I crossed
out the trash.
When I write stuff,
cross things out,
or draw pictures it

Jeremiah

Roman
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Benjamin
helps.
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